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| Such a’ systeﬁ
summaries, abstracts;
L ‘t;tles and 80 Qng each Df whlch ls cansldered tﬂ be a dacument. -A}- g

user af this system typigally farmulates a béquest in natural.language

?%f : ‘deserlbing the subjéct area or areas in wh;ch hg seeks infarmatizi;g

After such : request is f@rmulated the dacument callegtlan is”
i . . .
‘searched ani all 1tems canéldered ta be relevant ta thé uger s neeﬂs

are retrlévei.
VThe taSR.inidenﬁifyiné”dégﬁﬁeﬁﬁs whieh~are,reievaﬁt-té & g&ven'-
requést ;s ‘a cgmplex one- and is ugually dane by gamparlng thécgntents

of a dacument Wlth that Gf the searcerequest Thls means that Each _ﬁf

iccument in the cnllect;an Eas tatbe analyzei fgr its cantent and

*represented by meaﬂs Qf & set Df cantent 1dentifiers_ These*eontént;g

2 ldentiflers, alsa referréd to as attributes are usually a set of :'-4if
ﬁ;'distlngulsh;ng waras, ph:asés or sentencea that tcgether déscribe |

 tha cagplete area Qf d;scaurse of the entlre dacument callectian

'The praceas cf analysing a d@cumentvand repreaentlng it 1n§tsrma

-;QfAOﬂexDr m%re.af';hé abqve iypes of attributes'ig k@qﬁn.gs'cantegti:
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'E;assiiigaﬁlan. Abstraﬂting pr@cedures generally usa Eenténces as R

"ééﬁféﬁfﬁiééﬁiiflérs vhlle -indexing’ and'QIESS;Ilcatlan technlqpes use "

fphrases ani wordsi_ " );'

f;1 fo7”;% As. ngesed to. the abstractlng aperat;gn where‘thé EbEtIEEtE .
:_pradueed are 5tared seguentlally by 1tem ldentlfler number _1ndex1ng L
A.;and class;flcatlcn generally presume an a&dltianal apératian Qf\file
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" eo de a 1lst of daeument 1dent1f1ers is malntalned This ‘is called N

- an. 1nvarteﬂ fllé. As a. result now 1nstead of searching thraughBan

f Ent1rE dacument ﬂallectlﬁh cnly the appraprlate attrlbute lists in c

’.the invertad file neeﬁ be examlned in Drder tc extract dgcuments _

' relevanﬁ t@ a given{query- Thus, bagiaally, bcth 1ndexing and ElEESJ—"!
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_,efficlent autgmatle techn;que far the cLasslficatlcn aspect af f75:'

'cantént analT51s.‘f5‘¥:

In general automatlc EOQument 218551f12at10n requ;rea the

< .
B L

uiAfDlléWIHg seﬁs éf aperat;ans

3

(i) A set Qf eategcrles or classes whlch farm a d351red Lo

Partltlcn of the antlre document base is. chcsen.=‘-f§j 

.av‘
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’area of. researéh Eor a lcng tlme“ Dne of the earllest and m@st

T i ‘ RN

“7“5 o 51gnﬁflcaﬁt cﬂntrlbuticn was that Df Luhn [lB] wh,ﬁshéwed)that

fﬁstatlstlcal analys;s af the %Erds 1n a dacumEﬁi can prav;de same ‘ F;%';m
: {clues as tc 1fs EGHtEDt.= Th;s wark léd tQ ﬁhe develapment cf séveral
¥ 'f-sj¥ {autémat;c class;flcatian methads fram the early 1969 s ta the early
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' ’iQTdis, a number cf whlch Wlll be dlscussed 1n same dEtEll in Chapter

& l

JII The bas;c appraach used by all these methais 15 sﬂch that each
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'd@cument must be read entlrely béfare 1t can be &531gned tc sumé

Qateggry

. N . -'-ji.

Thls research assumas a.dlfferent apprgaeh. The bas;c
f!f;fph;lcsaﬁhy Emplayed here is based Gn the premise that 1t may ﬁct beﬁf
s ,
' iy fnecessary tc examine & dgcument entirely bef@re same ;ndlgatlan of -

'1ts Subjeet cantent can be Dbtalned " If dacuments c ” be &

®

‘“{Claﬂslfléﬁ by examlnlng anly 11m1ted partlcna thgreaf then EQﬁSld—x
erable tlme and mcney spent an pracess;ug entire iocuments can be o

1gaved Ihls reailzatlgﬁ has led to. the develnpment and implementatign'

'Qf a b531c sequentlal techn;qge fgr autgmat;c aacumentgtlassificatian_
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"In thls methcd keywards Eré exﬁracte& séquentiaily frgm aAdacument

'lﬁAand at each stage & statlstical predlctian technlque is uaed to-

AT ¥ e

- determlne whether or n@t the dccument cgn be El&saifieﬁ. If nut

.. then m@re Gf 1t 15 read Detai;a Qf the basic SEquentiai methcd

L ) \} ]‘ .
o 1t$ feasiblllty ‘and ;ts 11mitatians are’ dlscussed in Cha”ter III.:
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" the need fﬂriélﬁéésu;e.wh ch- w1ll be able té 1dEﬂt1fy clusters af

51mllar keywardg.! Such a measure§ c:’led the Baye51an dlstance,_ls'fp

ﬂ“:~then ﬂeflﬂéd on a x ector SPace represe tatlan af keywards Ehapterfvik

studying thé varlatian Df lts m&gnltude and dlrect;@n as keyw;rds

be;lggiated'a,d Elg;térs.
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. 2 2 2 Technlqges Based on Matrlx Manlpulatlcn L ’;“Filr . '1 e
oo Subsequint to the publlcat;c:»n of Mamn s, wgrk Borko. {3] devlseci

:. aﬁaly51s uslng Marcn‘s 405 abstracté of ebmputer l;terature. By :;:

T

i . “ ek B
a tEEhﬂquE fe r autamatlc dacuméﬁt p15351flcatlan based ‘on: factor

' g_ T T '

‘means af a CQmputer pragramil counts were made af thé number of tlmes

%

: {f!eaﬂh Df the 90 keywords qugfred 1n.each ﬂf the d@cuments in a EEQ

,\* % 4

: décument sample set. U51ng thls data a 90 x -90 keyward Qﬁrrelatlon v

. A Ch% . . %'ﬁ_'*‘
matrix was ﬁEPlVEd.j Th;s maﬁrix was then factar analyzed 'Ea a

5

ot L 5
teéhnique Easéd off the kﬁvward fréguenci g‘ip'the document

w%je 1dent1f;ed. A Predlétiéni

“and their faator loa&ings ﬁas aévelapéd;,35uppase Tivﬁéﬁbteé the .

w1 i B
Fo g

'.vnumbéf of EééurréﬁCé of kEyWDfd ks '1h¥é"&§§uﬁén;,'Lij‘déngtes the,

. Thén,a §alue

The a@cument is las 1f;ed in-a class{“;ff'f

of P, U51ng thls te:hnlque a_g;ass"igatlcn aéguﬁaéy af-aﬁcﬁt

N 48% was abta;ﬂed

: At ahaut the same time as Eﬁrko, Wlli;ams [29 3@ dEVlSEd a

class;flcatlan technlque based on d;scfim;nant analy31s. Instead Qf

'Eﬂmputlﬂg factor lcad;ngs, he camputed a dis:r;mlnant ccéfflc;ent

.

a set Qf QB keyvﬁrds he flrst cl,

=

for each keyword aﬁd categary. Us;ng a set of 420 Sﬁlld State_fv'

absfraats published by th .Cambridge Cgmmunlcatlans Carpcratlon and

‘.ed lEQ dgzuments maﬁuall”g;L_

. N
) ) .2v O
- 5
- ] = i
- w




_ 13
thréééat = QI‘iéS _i. Ihe frequenc:y ai‘ t:u: currence of a keywcxrd in each’ '

. . dccument helang;ng ta a glven cafégéry is theﬁ empirigéllY:obtainéd,

PR : o a. . ) ) B . » -

- U51ng these frequenclés two m x m matrlces are computed as follows:
. ;::‘.‘g mitrix whose elements are the P@alécl within-category. sun e
L s ' s, R wr . . ‘ - . B L

é\f' N

Sy
.i ‘i-
between the ’czategarles .
pr*éviaés: the set 'Qf éaefficients B‘l,,B f‘_ Theﬂ dige }im;nant score J
Dbtamed fram ecluatmn (2 3) Lsthéﬂ the bas;s of a."—'sa.gnlng & tes-t
’ .‘;’;;_‘
Egtﬁ the methﬂda dlscussed in thlS sectmn suffer frc:vm the., _
s_ajns,d;isadvént;g,—, .;Th ey" requlre the :LI‘NEI" i n u:f TﬂatI‘.‘LQE!q to cgmpute o
the EGEff;t‘;‘lent whlch relate a k;ywur‘d ﬁ: a ca’te‘*par‘y I‘m:* a slzable '
‘ v e o N
jset af keywor'ds, say 500, thesa methads became 1mpract1;able. ‘More ° ; _
i 3 \_ . 21— e T ’

ERIC

Aruitoxt provided by Eic:



' ’i £ the keywnrd set are. lmpract;cal The next secticn d;scusses a few

S

[4

AL

lt is clear frcm thlS discuss;an that methcds whlch are _EL,;_;ZK;A;_ff

. B

‘idependent on’ 1nvert1ng matrlees Whase dlmensicns depend on the size T

’Qéllectian; These are generally knawn as Elustérlng techniqges,

2. 3 Autgmatlc Dé:ument Classlf;eatl@n Based an Gluste:lng Technlques

PN

The theary of cluster;ng deals wlth the prablem Qf flndlng )

’ natural graug;ngg,ln a. set of datat These natural grcuplngs are

™
rs e

ébtalned Based on the Elmllarlty in the attrlbutes Qf the data

ElemEﬂtS. An excellent descriptlgn Df vari@us elusterlng technlque

. that have avalved over the years can bé faund in the b@ak by Sakal

o

;slmllarlﬁy matrlxi Let D {dls,dgs s A } be the set of, d@cuments

:and Sﬂeath [24] In thlS séctian we will dlscuss the bas;c philasaphy

ﬂf clusterlng and shaw hﬂw 1t has been applle& far use Ln;autcmatie vi’

5
x;;.

’dccumant Qlasslflcatlon G - e ’i.), s ﬂ’ L e

The startlng p@;nt fcr mDst clusterlng algarithms'is the E

'fand K = {k; 2, ;5., X} be- the set af kﬁywdrds under :aﬁ51deratian.,

Each dacument é in D 13 read Ent;rely aﬂd all kaywaris @ccurring in

it are extraetedi An nxn matfix Q is abﬁained such that i

Q(i,j) = Q(j i) = number Df keywa;és-accurriﬁg>in'

, “commen between dacuments di'aﬁd daii



K

fif@lléwsﬁ'A'”

'3;l1terature ana the ane t@ be usea fer a part;cular lm

measure.r There are several such measures thﬁt haﬁ%sbeen used ;n the

A4

anentatlén

=

"‘;f;depanis an th% user réqulréments.‘ Dne that has been usaﬂ very w1dely

Y

,15 the Tanlmate slmllarlty measure [25] Whlth is as-fellmws. Let S

\

,.;_he af dimensl@n ﬁxn. Then each elément S(l,g) 15 calgulated as. =

¥

Q(; i)+Q(.j j)—q(l,a) '(2{5)%

Tom : i

— . . 1

‘ As can’ be seen thls 31mllarity matrix 15 symmetrlc in ggture, the

"a o

’ﬂlagonal Eﬂtrles belng all equa; tg unity.: Therefare dur;ng use in

blclustering ﬁnly the upper or. the lcwer trlangular part;ﬁﬂ Qf the o

R ¥ matr1x ﬁeeds ta be stared '»_'?:{ :3': }?:

»pa;amet”

‘. * ‘

&

g thls sim;larity maﬁrix an 1n1t131 set of clusters 13

=

3 T such that twn dﬂcuments di and. é are. asaignéﬂ t@ the

| 1same cluster ir S(lajl excéﬁ?s ‘the value @f T. 5'&"“'

' as Téis 1ncreased two dccuments shauld have a greater nugber Gf

i keyWErds 1n cammgn t@ ‘e placed inta the same . eluster!’:

£
vaf an undlrected graph and then f;nd cgnnected gamyunents An thls

Several well kﬂawn methcds fallaw thiD general prgcadurei»

_Their baslc phllasaphy is ta represent each dafument asd ﬁhe vertex

o

‘graph. The next segtlcn examines the;r methcdq brlefly-' :

.»‘ Sl

'f;rst thained. 'I'his ig usuallyydane by def;nlng ) threshald B




Tps e . S . Lo ! . ’ §
e =, . L. : '

2. .3 1 Gragh Thecnret;c Dt;\csument Clusteriﬂg Methczds .

In Drder that}this sectian may be clearly undérstaad.same

_ e LR A
’eleméntary Qéﬂcépts in graph thecry neea tg be def;ned.a N
e

A grag (V E)3\233515ts af a set of vertlces

Graph:

Y = {v B vgi vees Vo } aﬂ& 4. set Df e&gés = {e =§...,'E }‘$uch o

=

:1;; 5_71that eagh eag ék is 1dent1fleé with ‘an unar&ered palr (v j) £ N . 'g o

Lo

-

"vartlces.i The vertlceg vl,vj assaﬂlated'W1th edgé ER are called f&l
.the end vgrtlces af ek JThe aage,§E-ig.ga1d t51b§=13§lﬂ3ﬁtftéa!i=;‘_’

: 'v'i"“,—

¥ D =

= e

A graph g is SEld ta be a subgragh cf graph G 1f all the 7 :,

- VETtlQES and all the edges Df g ave. 1n G, and eagh edge af g haa ‘.

’the same end vertlces in g as in G

G N

”Egﬁp: A E 15 a f;nlte alternatlng sequence of vertices and edges
o v e v e, v . e #‘rize : v;' such that f~'
SRR Y 32 g Jna S ; |

' l) no Eﬁgs or vertex appears t than once. in tha seguence and -
-__ii) Each edge 15 lncldént w1th the vertices préceding ani L

' f@li@?lng 1t in the sequence

. 14

? CDnnected Graph A graph G is sald tc bé ccnneeted if there is at
TN _

least - Qne path betwaen every pair ai vertices in G.;!:

Ccmplete Graph A graph in which there ex;sts an eige between every

palr @f vertices is called a ccmplete graph K ’
Each dacument is represéifed by & vertex and there is an edge |
between tqp vert;ces ﬂi, dd 1r S(i 3) Exgeeds 8 threahald value L; o
. An example is shcwn in Figure 5 o 7
 ,%u e e - }
| “ . 24




Cel g , v

ar

., Figure 2,1 Similarity Matrix. and Its Associated Graph
ool 8-

LR .
&

U51ng thls regresentatlan Ecnner [1] Dbtalns dll the cnmplet

"'subgrapha Df the graph. Each cf these subgraphs rePresents a set.v-'

' Df dccuments Which belang ﬁu Dne categary } Unfcrtunately, some LA

¥

'.graphs hava gn éxpanential number of ngh aubgruphb and ﬁn that

) -GE,.SE

a0

52

such a" meth@d becameg much too tlme cansgm;ng tc be practlca,




-
¥

h _1Fm§tIlI As larger ar

" in Banner s method
j,camputat;cn Df a sf

';.the stﬂrage spaee and computatlen time reqplred 1ncrease as the o

A var;ant Df thlE method is- ta thain thé eannected subgraphs'; Q;_}j;

1nstead af the E@m@lété Subgraphs_. This'tgchnigue s used by e

=

;f_Van Ringergen [26] Th;s is’ eagler ta a0 but Lt results in clusters )

TE

Y 8

ehu're the

S

‘The eth@ds discussed 1n-' thlE secf on rmt ﬂnl;y r

F._ v

»square Qf the numbar gf dacumentg in the chléﬁtlDﬂi Even f@r a

LI

1 ODD dccumE”t callectloh the starage ana t;me required far these o

i}methads may bec me‘pra 1;1t1ve.. Same methﬂdg;achieve g: sav;ngs 1n‘f_;

= 4y .

_?starage space and ccmputat;an tlme by ellminaﬁing the neeﬂ f@r

lgraph—thearetic representatign:af the slmllal;ty matrix.‘ Inatead -

they use the methad af centra;ds ta asalgn dmcuménts 1ntc cluster-':

N various :esearchers and the fDllQVlng:EEEtlan brlefly dlEEuEEEE

’same af the approaches taken L S

Cw L

E 3 2 Dccument Clustering hy Fiﬂaingﬁcgﬂﬁigiég'ﬁz_

‘x

In this tgdhngque every dacument 15 exsminea serlally and scme

i

dacgments are ahcsen ta be centrgldg sf the clusters ir thep satisfy

\‘,\».

"gertaiﬂvcriteria.- Fcr example ROEChiQ a méthca [21] determinés




'w‘ '7 LI f{" o .. .
g_grgugsiilEach graup is representea by a centrald whcse dim 7; s

£

kegual to the number Df keywords 1n the system Each element of this

o ,vectar is a quant;ty praportlona; to the frequenay of accurrence of .;1

3a keyward 1n aLl dﬁcuments of the glven group Every dacumént ln ¥:,r

HRENE TEE

"_55 _the collect;cn,-eaeh:cf W]

.h 15 also represented by such a vectar,  7'

v*is ngwjecmparéd with each centrﬂid and:re3551gned tg the group ta L

‘:iitiis.the clasest._ The Process is repeated until 1dentic ]

fsers of c;usters are @bt;‘ned 1n auecessive iteratians.

“...

B@th af the abave'téc

1ques have been 1mglemented in the g
f15‘315551f123tlﬂﬁ phase a, the SMABT infarmatién storage aﬂﬂ retriev&l f_:fi’i

':,system [2 ] Th T have been use& ta class;fy a subset of appraxi=

B &

7imately EDD documents frém the Cranfield ccilectlon [h] Eesuits. v

I




sj_‘abﬁaan aat;afactcry aa;f; at;an raaulﬁ
?1011 'who’ae ‘512

set of queries is:obtainéd. ‘These ke; "Z'_éri?i hq,quar;ea are than S

aiﬁa’téi‘eé. Liaing a ‘atand_a:d téahniqua. Each of thaaa quary clua’g r;a

f’are now - conaldared gaparabaly aad EVfgy daeumenf ralevant ta all th

Cwithita ra—"pfaaéatativa query " “Howéver, szoi- & document collection

_fdrjﬂiiah' no such set-exists s it wauld n}a,ad ‘con idara‘bla delfiéatlDﬂ.; i'_ :

a‘h leltataana Qf Presant Claaalflcatiaa Mathada '}; : “:,:f;g,,_, .

Feo e

Tha tachnlquaa af daaumaat claaaificat;an dlacuaaad in tha

a .

N !
. prav1aua aeat;ana a:e raally’rapraaentat;va of a wide aPaatrum af

«:antamparary methadg.._ -Thay afa rapreaantatlva 111 that 'thay -

5 ancorporate tha ‘same baaic phiiaaaphy undar;yang tha othar mathodai

Fanah haa cartaln advantagaa and disadvantages whiah hava baan "

diaauaaad aarller.- In thia aactian geve g

maJDI philaaaphical




he class;flcgtién algcr;”

addréss themselves tg these pOints.

ﬁhé stgrage spaEE (thhEﬂIE aﬁd secandary Etgrag \required

éu,_ 7 ."-il;' ito stare such a matrlx and thé time fegg;red to proce 56

LW

AthhEW diSEE#antégé~af usi

-
£

gclasslficaticn is that the entlre d C

vfbe avallah@e befgre the cl&a

jglnitiateﬂ.

¥ { : ’ : ’,v-
must be static ;n ﬂature. [T SR

= -”(iii)QMost Df the mét@gds that we have dis@ussed read éach

~dacument of a collectian campletely béfcre attémpting

fc;éssificatian. Givén a kengra set K ﬂii? ;'g:'

‘ ﬂ,yabsence af EEQh of t‘ ‘;eywards frgm thé set: K.

”i §iv)AMost of the methads dchuESEd wark with a Emall keyword
,EEt; Each keyward in this aet is related ta ) partlcular

eategcry in a binary faahicn i e,, it either belcngs ta

ja categéry or 1t dces nét. Given & keyward Eet

} and a categ’ry set




ow

}. ;Eééhvgraup ; fi"i  ;

: 7l ggs "‘5 gt
&h; E‘é_:.inﬂlcatiVé of a categs,,

S

iy _ , :
‘is présent in tvp gr@ups;gi and;gd;,

?’i ”_',!i7égflﬁg iﬂﬁ, cén e made. As_eagh ;}-
(/ ; kéyward cf‘inta.lnéd 1I1 a dccm;nt 15 exs.mlned; ;Lnfa;‘matic:n regardlné » -\)- ,

T 1t'-class membér5h1§ 15 th&ln&d.l After a gertaln portl@n Df"the' . ¢ 
ﬁappens; it may be mare efflcient tD.StDPVrEBﬂlﬁé the d@éument anyﬁb? ;_
further and c15531fy 1t in£c a c;tegary which is mcst Epperfl&tEv' ”i )
. _ . W S

'1n ther‘wcrds, the“cl icatiou alg@rithmslﬁ - ‘Efi ) ’

“'éﬁgééggién"éf stagés. EaGh stag invalves read;ng the dacument and R “”ﬁj

cl&ss HOuld be assigned ta the aacument

-hefmaae:abaut vhlc
:then the pracess stops, DthETWlEE it cantlnues to the next Etage.-
i’ 5&’

- . Rl

The m@tlvatlon behind sugh a sequentia; technique ig pravided in : ( o

w’the early aectlan af Chapter III.




\ IS

’ tlfiis i‘éééafch}i the repraséntatmn of kewgrds . Instead. Qf assumi:lg

l % N

AV I " .»r,

that a keyweri» is Eitth ;nﬂlcative of 8- categary or it is nét,

eaeh keyword 15 representéd by’a Eet of values whieh esaentlally
e L e !A -

d eaté d;fferent degrees ta whieh a keywerd 15 reiatéﬁ ta a g}jen :.

13 represeﬂted by t

, J. -
grobability values [Pl’ Pg= es Pt] where p représents therh

- eategory.- More speclflcally each keywnrdrk

1

" #;grobabllity P(h /C ) i.e., the prababiilty that K dacumént which

S =y

;jbelangs tg catégory C, xwill ccntain keyword kd Chapter III o

i
%
jlndicates a méthod by which these prgbabilltiés may be calculatéd.v

: Such a' representatian:af heywerds has 13& to thé-dévelapment

Lﬁzéf a mefhad Wﬁiéh treats a keywardgas a t- d;menslonalfprﬂbability

;»"

_“;'5fvvecter. A aacumenﬁ therefﬁfe can be rEpresented as ﬁe;uster of -~ ?;i;.-

PDlntS-lh ait—dlmen51anal vee%or spaee. Ghapter Iv-é'abaréﬁés on.

L2 EE —

_thls concept and shows hcw clusters of keywurds whleh relate the:

R Sh@f, hmw certain keywords whlch mlslead the cl’

F
.. 1nta plaﬂlng 8 document ;n;&.wran ;1;

'naisy hengrds.~

3
f . . . ]

N




v ar

. . , L]
.  CHAPTER IIT . ’ S
3 SEQUENTIAL CLASSIFICATION METHOD

i

,_‘ As palnted ﬁut in sectlon 2.5 of the previous chapter most _i$

El

i cl3551ficatlon algnrlthms in ‘use taday Extract all the c@ncept 'r¥:17aw
_attrlbutas ;resent in a &Ecum -before init;atingsclass;fieatlan.':v*-;

befare 1ts suhjéct-con,ent can be détermlned. Thls observatlnn
' fofms the_paéis offthe sequential classifiéatiﬁn methoé?thét will

ussed in this cﬁéﬁt§f1» R AR

'3, l Sequent;al Decislgn Model . fbr Pattern Classificatian

£

The problem of automatlc dacument classificatian can be“likened S

to the*&la,sical problem of gtatistlcal pattorn recagnltion where

there Eiists a set Df,categoriés, and _each categary ;u Lharugterized

2

] attrihutei

hy a set of attrlbuteavaluﬁ pairs. These éharacte isti

hta;ﬁed<ffn ,E Set of tralning patterna each of e

‘Whlch is knowh to helong tc a certaln c&tegary. When a test pattern

a5
= . T

Y

Exlsting categcries. “For the problem of docume: t claasificaticn

- the gategoriés are the varlous subje:t ElaEEEE whieh describe the




5.

H . T : . "fff : =

y - area af dlscaurse sf a ,Q;lectlan af dacuments. The attr;butes are-i 

gre preclassifléd sample dec,_ ,ts fram whlch eharaeter‘stle keywarda

© . are abtalned fgr the #aricus classesi -

With th;s analagy ‘in m;nd Wwe can naw fgrmulaté a basis far

se quentlal dacument classifigatlan techniqués based Dn the theary

x?’

~.we have a set, Df categaries c= :;., c } and a set of :?f9

_ he-13
kg;'..i, ko } describing these EEﬁEEDTiEE.‘ In ';H

features K = {kl’
’ 2

nanasequentlal classiflcatlcn theary all ‘the N features Present in

8 test Pattern are abserved by the ciass;fier at one stage. This

' might prcve to be impractica; 1f the cast cf mak;ng featuré meass ?=,
S
urements iE taken intc consideration. iInstead anly:as many features

“Eaf be measured as are needed tc 213551fy thé pattern with a given

: classiflcatlcn gccuragf Eesldes, after & certain paint more - feature Lo

measgrgments willfnat neeeasarlly increas' ,ss;ficatian aceuracy

&

If there are two pattern’classeé ¢y andlcé to ‘be recognized,

::§- : .thén Etffﬁé ﬂth stage of  the sequentlal process, thaﬁ;is,!after tﬁe

th feature measurément is made the claasifler cgmpuﬁes the

sequential prabability ratiq given by Equaticn (3 l)

)
/
\L}J\ .




o .'~_‘ _% : {?” ;Eék” .
L s e -
RTINS ¥ ”ln ‘m,$ (é;l)} )
‘ where P (X/C ), i= tional
Prababllity den51ty functlan P (Ki Ié,‘.i., X /C ),b,”” ;e.~
:in X, ;ﬁ., X gre the features thaﬁ'gave been’ megsg;éd:sﬁ.fa:;;
_that 15,J§hen thenend fothe n?? :' - |

:by equation (3 1) s £

ﬁﬂ? A“then the decis;on is X v G -anﬂ 1f 1 ﬁiE then the
I ¥ 5

If E < A < A— then an additional feaﬁure a:' f'vf“,v .-1$r

" and'B.

if>iéciéiaﬁﬁis X mrcgrf

(32

(3.3) |

| _?h?re>§;j is the prabablllty of 1221d;ng X L2 Gi when actually X~ CJ

' 'is tfuér It has 'been ;hawn by Wali [27] that the Eeguential

?Mprcbgbllity raxio tast (SEHT)E;&Vthimal in the case of tvo pattern

ﬁ ) e sq?‘

hv”classes, that is, f@r a g;ven elE and e, thgre 13 no-other praceﬂure :

y;elding a smailer average number of feature measurements than SPBT

For mgre than twa pattern Qlasaes, aay C. ic C , & genexallzed :1

% 1; 23 iii; t
ST sequentlal prababiiity ratic tEEt (GSPRT) can be devised,',ihisais’an _

Textenaian of the*ﬁg@_clasa.égggg_but-théiaptimality.proge:ty pointed

- o O . . u 7 .
Lo . . - : i . . - ) . . : ]

E=




L.

"J_-éﬁﬁﬁakévg ﬁbllongef’héids.; Fu [12] however nntes that in mast

.;from further ccn51deratian if

U (x/c ) <. A(C ), _ 1 -é- , ‘t,v'

where A(C ) is the Etopp;ng baundary for cl&ss Qi ' Af:ééeh stagé one T —_

!’«'-"p

. or”mgre pattern

asses may be rejected from cons;dératlon and a néw

d sequent;al Prcbabillty ratles may be EOmPutEd _‘Ihe:

& S

pattern ElESEEE are réjectei sequentially uﬂtil Dnly one 15 1Eft

o "which is accepted as the_re?cgnlzed elass. ln some prgetleal cases, o

fh@WEVér, the number Qf feature measurementq may begﬂme ex;remélj,_g,ﬁ

'éét‘ofigEBérali

large and it may becgme necessary tc truncate thé Eéqﬂentlal proeeas o

1 = *

et a. predeterm;ned stage.

 ?§ ?;

3 2 Seqpential ElasEification Technique for Documents SRR 7_ - .

-ha’ -"«s

As p01%ted -out- 1n the prevlous sect;on the prablem of - autcmatic

ade s ] [ET

; ;vdomﬂm§§?2l3551flcatlan is very slmilar to the 155313&4 pattern

".
4

reg@gn;tlgn problem. Given a document cellectlgn :} number of aifferent '

O ::‘ ;ﬁﬁbjéct aréaszdescribing thevtatalzaréa @f i scourse of the EDliEctanw~ﬁ
BN e o
o ig iaehtifiéa}» Each of theae subjeet areaa denatea 8 different

category. A tegt document 1ike g test pattern ig new Examined ta -




™

- mp

. There are, hcwever several aspects in which the tWD &PPlica— o L

* tions différ. The‘p?oblem of pé%térn récog ;ticn can usually be

'7=probab1<it

&

. : ‘ : g ]
”i ar can be estimate& In the ease of dacument class;f;catlcn such

&

PR rigar is-lacklng—- The«features utillzed in thegiase of

U

VIECanltlgn naw take thé fgrm gftkeyw@rds.} Sinee keywords rePresent
-;ldEES and nat numerlcal quantltiés, thé dec;sian as’ ta whigh kéywnrds
ST e ; : L
o % . e
abest repregent any category 15-&1way5 Euhjéctlve. Alsa 1n most caSES, T

exact probabillty dlstrlbutlans of keywards évér thé Gategorles théy“

dgscrlbe caﬁnat be cbtalned.;a&(is'sectién descriﬁes a sequentlal

1n the PrEV1DES sectlon.
As in the case Df pattern reciénitian we have the fell@wing E
N : N : ‘

aaipredetarmlned 1tems to WErk with "

‘;categ@ry set {C,r E’ ey Gf}} Fach categary Ci denotea a auhject

area and taken tcgethér a;l thesetsubject areas - deacribé the "';fté:f~

/ -

;iihese‘cgrrespond tg the attribute o

' »set of ‘8’ pattern recognition Prablem. E&ch keyword present n a’
. . l

dgcument,relates‘it j@ Qnéh@gfmare cf,the_suhjgct-arega chosen

above. )

. L] N
g @ i . ) P :-
‘E a o S : :
b : ’ T . ) LN :
.



j'the availabillty -‘

“itiDnalPIQb&billtYﬂEnSLtlES?(X/C ) P(X/C ),...,E(X/C Lim

~ 1“In the Egntext of dacument class;f;catlon theéffgre the prcbablllty -

fvalues P(k /C ) ...,_P(k /C ) whérena"the features are represented

| keyWQra kj*be;g

present ;n_a aacuqent'wh;ch belaﬁgs tq Fateggry Gif'

]
g
W

d-‘
3

. Figure 3. 1 Conalticna; Probability- Matrl;c |

y g

) ]

¥\



x

B EHe sequenc§'6f words W W -,;., W Wlll be in a ducument that ST

- be descrlbed later in the’ chapter. Classlflcatlgn Qf a dr umrnt lS ;}_:WJ."

o=

'; At each stage, i, ey after readlng each keyward one Qf the ’
. : . . ,{_;

follcging three dezlsians is maae,:: ':i - :;

(1) thE'document ;s classliléd iﬂﬁojgﬁeipfiihé5t-'

Lo . .

‘ -categérigs;'_'
i%.fthe,&ééument is;terﬁéﬂiuﬂclassifiéblég_gr_>w7‘

'mcre of the dgéument 15 reaﬂ because ne%ther

Q,,

of dee13;°ns (i) ar (;1) ig takén; N

Let us. turn to a cansideratlan of the probabllityr‘

| fh-!

and the predlctiﬂn Im 7'065 tD be usei. Suppase we are at the n-

stage Df thé seguent;al grocéss, i. e.—?n keywards have heen read

'aﬁd they are W » WE’ raey Wn, where eachlwi is a member:gi the_set:

LU
e -

,.{kl, Kys +ees k .. The prababzllty P(W ) E,'..., w,/c,)”thét

o

: bél ngs’to céteéafy-éilhas ta-bé ealculated. This Wlll be ccmputed

j

gf dlng a strlng of keywurds in a dacument which bél@ngs tD a' .

glven category, an issue that shauld be diseussed is whather or not
B=-1h

the keywarda shauld be cansidered ta bé depéﬂdent or independent of_

L = 4 .

Each.ather. Znevnext secticn brief;ypaddréasea thisﬁprob;gmg_

3 - -
= [ .




‘"giS;jFS? éﬁe,éfftﬁé;géﬁyfﬁéys;iﬁ_ﬁhi§h¢tﬁé.éf eét;éf;keywérdlﬁépéﬁaéff’:

LoEEEL TE

"ﬁayﬁbe éaptufed;: ﬁ§iﬁg ééﬁ&itiéﬁéi'grcbabi;if%esJﬁhdjﬁéﬁing7£hat.J"

| , P(A B/C) P(A/C) . P(E/A c)

7hif.  Eq&at;an(S 6),EEFE%W'/W 1,-§%, 153 ) ThiSiS thE'PrrLEEillty thath -

\ .

:?_ a dacument Whl&hvbelﬂﬁgs ta catéggry C aﬁd cantalns the ke

as3vé' W W ,i,: L 1 w111 :15 :Eé't 1n kaywafd w,.1 S;nce each W]x;n*”'

o t%f,number cf keywards 1n set Ki Can51dérlng the éompLexlty ,f

fh;s task .a s;mpllfylng assumptgan 15 necéssary. Fr;ed [11], 1n

pf-eseﬁt;ng h:g lassifi ét;c»ﬁ mt:del, Slmpl;fled Equatlgﬁ ( 3 E) abgve

‘a.'

hy assumlng "that a keyﬁﬁrd 15 1ndep5ﬁdEﬂf of all others that ppecede;;'v

E]

it in the,dacument._ As we shall see later,_the 8 *uentlal prnbahlllty

ra.tig test daea nat depemi an the’:,asumgticns af‘ exact;y hc;\w the Es.lculatiéri




: 'After fhe n keywafds Wl’ WE""" W have beén rgad and

. . W [CJ) for ] =1, 2,...,t has béeﬂ calculéted at_tha end
’ 1=W2*“"Wn R
“over: mn;pcintS' ;il _3

L R . ) P(W Wg,_!._ 3W /C )
.- ; S A gj __' “P (w 2, — W— /C )

¥

FTléd aﬁd hlS cowgrkers [11’ addressed themsglves ta thls

3 rang;ng fram l ta t Thls‘ai is then -

bk

fcgmpared with a predeterm;ned threghcld value . AB lgng as mcre than W

* &

ane aj Ls gréater than-a Nthe pﬂgFeas mavas ‘on taithe (n+l) _ stage. 1,‘ L

.




léss thaﬂ “s then fhe PP S fermlﬁates and the dgcument is .o

: f-cLaSSif;Ed in class Ej far which qg is greater than a. _

Fr;ed then stuﬂied var;ﬂus forms af P* that cauld ‘be used

BT

I

LN

'tg compute the prababrl ty 3at;g! Thg’lelﬂﬂiﬂg,formsiqi,E;*werei.:

. : B ¢ =L A s
Lot () PR (W W pees C: - % P o P
UL n 12! 2??%*3 /) = j;l_’ﬁcwl?f b/ F (Cﬁ)f‘*
- ?:h re (C! ) is the E.PI‘lDI‘i prabablllty of‘ cla.ss CJ P ven 'by (:.) ansi (11)
' 15 ;ndepenﬂeﬁt Qf the keywc:ds and depenis Dnly on n, the stage Df
the sequentlal pracess In thelr experlments they found fhat (111)

gave the ‘best results in terms Df the number of stages that are :T_

V;equ;red by the sequentlal praces befare ‘a dccumEﬂt can bé cl3551f;ed. i

'_in th;s research the sequentlal prabablllty ratlc is cﬁmputed

a by us;ng Bayes f@rmula for candifio probab%llty. Tt-can be

derlvedﬁas folléws.'ai

Let the keywords that have been read at. fhe nth stage Df thé E

SEqUEﬁtlal prccess bé wlngg--.?w s where Each Wi is a member Df the iAih

o ‘kengrd set K= {kl;ké,;ii,k | Eet P(C ) be the a prOf; prababllify

:'cf a class befare any keywafd has been read Then fareach class GJ
‘the. prcbab;llty E(wl,wg,...,w /C ) can he camputed ag befare. ' Then
the ar pcsterlarl prahahllity af -class Cj after wl,wﬂ,...,w has

aacurred lS g1Véﬂ by




L ii? o R P(Q )* P(w oW /C.)
oo ‘ l’ 2’ *'n
SRS Pcc /W ool ) = , n.3 i
: . 3 la 2’ nt "y : :
R ;a,g; q_ E :g (c ) E(w wE;,..,w /c )

L e
e

' Thls is’ the probabllj.ty that “a document ccmta;n;ng kewcfds Wl,WE,..,

belangs tcz .:;;ass CJ . For 51mpllc;ty P(C /wl,wg,...,w ) Wlll be N : o

‘denated hy cx]. The value of ::j is now r;:amgared w;'gh a preset ‘ta%ésh'old

v;.g, PR

value o, as in the E‘med mcdel. -Basedé-aﬁ this c_cmpa?_igqn one of the

'-".E}l_fs:llcw1ng twa declsmns ;LS me;.de

‘ R (1) 1f only one czj 3 ',: hen the dééﬁrﬁeﬁt is é‘l'as,'sifigri_ in the
' S carresgénding_class-(;?j 5

(il) "if .more than bﬁé,;j'saz?esuéh. that ciﬁ % ay 'fheprécess'
r.lmaves'- an, =to :’tbe '(nﬂ js- stage, b! e, 3. ane morle keyward r‘
a :‘ead if the dc:éument dm?s not: c@nta.in any mcre kewards *then :

.~1t. is cgnsideréd \;nélg.saifia'ble. L

. In g:ase (1:[ ), those classes f:;sr whlch 'E.hé aj vaiues are ;Less tha.n the threshgld

.are tieléted frc\m cgnsideratmn and iny the anes whﬂae o o valuea are greater o
than or egua; t.r:.\ the threshold aré retained. This is ma.inly dcne in the

. interest of reducing camput.e.tian time as wil , oi:rbed ou.t in séction 3. 3 o

when 1mplementatmn of the aequential technvique is dlseussed. -

‘fvﬂ 3.2. 3 The Parameters T and R

_ In the actual 1mplementatlon Gf the sequentla; methad the

prcbablllty ratlc test is not EEQEQSEI“llY camputed af‘ter ever-y
keywérd Thls is bt.Cr,lLl.::E Jiﬁ mfmy lnstaﬁces the very first kaywar‘t]

- may be a strcng ;mdlc:att;r‘ fﬂr da par'tmular\ class and a pODf‘ r.me J:ar

the rést.@fathe t:lasses. This might ;Lead to a preclpitaus dec;sian o

£




'A"parameter T 15"

_-the qual;ty af the keywords aﬁd the nature cf thé data base, to

fbe varled to abtaln the des;red class;f;gatlan ac:uracy. ':-.uf -

AS 3 Ealculatlon cf the Condltlcnal Prébab;llty Matrix CP

Atechn;q assumes fhat the keyw

~ are avaiLable for all p0551ble keyw

,at a very early stage in thé sequential pracéss.A T a Dld thlS a

i o
‘ntraduced su;aathat no ratla is camputed and no

fdeclslon regardlng the :13351ficat10ﬂ af a dccument 13 made untgl at.:

jleast T keywords are read

Aga;n ;t mlght be camputatlonally wastéful dependlng on "

) compute tha qj valuesaftarévery keywafd subsequént to the flPSt T

xkeywords.‘ Ta cantral thls, anctth parametér R is 1ﬁtradueed 50 that S

) vgrougs of RAkeywards have been read At the end of the flrst

Vstage Df the sequentiai pragess, T keywards have been rea& and

_J

o at fhé end gf the SEEOnd stage T+R kaywafds haye béen read dnd so'

;!cn untll at the end of the nth stage [T+(n l)R] keywarﬂs have been

read, Depend;ng Qn the- data base uﬁder*can51deratlan ;.aﬁd R may

t ’ . : - .

. . % . o
~As 1nd;catéd in sectlon 3 2, the sequentlal Cl&SSlf;EEtan .

u‘* .

Exaﬁ\;ass Cﬂﬂdltlﬂnal prcbablllties : ”'g,f

d-eclass pairs,; Thls is represenfed

as a cgndlflanal prgbabil;ty matrlx CP each e;ement of wh;ch is the S

"'5Lﬂprébablllty af a keyword agcﬁrfﬁng ina document Wthh belangs to a

-

=*

"_part; 1 cla 's We W1ll now Canﬂlééf haw ta calculate the Eléments .

8

'éfrsuch a matrix%

leen a set cf dacuments, a sef cf Lla3535 Cl,L ""’Ct’ aud a

- gg

 set of kengrds K = {kl,kg,...,kml» theprablém is to Eompute E(k /C )

-

, : A o
- PO S
..  § o . 4:}(



“ QlaSSES\EE\

'-the subset .f

;5fpr@§a§ﬁﬂkéi%§fdecla§é

are*divided into two se

B

~'We assume that each dOEuméﬂt in the sample set 15 already cla ;fled .

iﬁta QHE or mcre classes manua;ly j Keywcrd frequency tables by

rt, Let - D;I represent

£

fhe sample documents assaclated w;th glass CJ, and r.

then ‘be’ prepared us “g the Sample =

At

fvdenate thevnumber Qf occuérencéﬁ of keyword k 1n dacument d -Thgp Che

A'the fﬁequency Df keyward k glven that a dgcumant is in Elass Qj

_frequency table.f

bé‘bh 'ld es c::f equs.tloﬂ (3. 11) over all key‘words present 1n Kj we' have B

o 'SAf,ﬁ: ,:j-"’ o STEI ) A
f(k /C Y= 8, Ce T (3010)
, €D, L

Then each element of the CP matrlx lS galculated

as fcll@ws:

S ff(ki/e;?f i
e Y (k e

&

(3.1),

‘IIM\

¥

1wﬁére m is thé.ﬁUmber of keywards Fcr any cldss E] let

K. ={k k }j.erlote the set r:xf all ke}ﬂfcrds that hs.ve Qccurred in at{-;i A

By jl W‘jgaﬁ--s

xlleast Dne sample dmcument beloﬂg;ng tD c;ass EJ Ihen if we sum

'EK f(k /C )

TPk, /c,) l S r,; I R (3 12) et
~E R 1 j ) - ) R o
o | £l /c ) |

P‘n"
p«.

=
-
MME



o B Elkg/e) = B £ /c4) .. because

. iQ- ]{!EK- Sl .. B e
B J o Lo T e !

7-for any kengrd k conta;ned in K buf ot canta;ned ;n Kj f(k /C ) e ;

- is equal ta zera. Therefore k Ly P(k /C ) =1, Henze the set of
: i® s .
~V81UES {PCk /C ),.-.,P(k /C )} is a prabah;l;fy set.

il

S;ﬁce durlng cla551flcafLan fhese quantlt;es da néf-changaé

ffhey need to be calcu;atéd anLy ance and stgred_ Thé a prlorl

;prababillty éf class Cj denoted P(C ) pflor to the 1ﬁ1tiatlén of

.. the alggrxthm ls-caLgp;ategzag 75 W S
CP(Cy) s ——r L o 0 (3.13)

a o I E f(k /e, )3

ralues P(k /C ) such fhat p I

<:belgng1ng tg a g;ven E;ass Cj.

- is not equal té 3 w;ll be Wéré;l Now assume that test documént is

Qb31ng class;fiéd by the sequentlal pfacedufe and at a sfage n keyword .

b ' ki' DEEHPS 1n thls dacument. Let the n-1 Previaus keyﬁérds be -
B ln
,:dencted by h ’ki ,...,kii . then since P(k ,ki ,...,ki ki /G ) I
: 1 B “n=1: 1 . A n_l ,n : ;
=;E(k. seesk /C ). P(k /C ); the:nnnérater-of equat;gn (3. 9)
;:.- ﬂ-l ?f“. n

becomes zerc f@r all classes CP where p # j, Henceﬁa far all p # j

becomES'zeréq-hThus all clagges CP’ p # j, are drappéd from con51dera—__

- tion and Cﬁ_is,chosgn as. the cérrg;t,cléss since EjAEIG; Thus -
we?éée that~the'gééurfehéé'cf one keywdrdrhas'lead_té Suchia'drastic '

d§c131an no mattef hew hlgh the up valueg had been before keyward

1 ; n
. ¥7-F
40 . i
.




“235 :

:ki o¢curred. Thé.;ltuatlén wculd be even more crltlcal 1f k
S n ' n o
had béén ‘the f;rst keywcrd read. Thenkthé_dacumeht wauld have been

Ny

»ﬁcla531f;ed after justkane:kéyw@zd;g;fo'avaid.Sﬁéh pfédlpit@ué' 

[

dEQlSanS, evefy ‘zero entry in the CP matrlx is replaced by a smalL
o value, smaller than all ather values in thé matrlx. Alsa, ;t shauld

bé noted that if.t hé sa "plé ‘set chcsen were larger then ;t is hlghly

' p bable that the numbér of ngn*zérg entrles in. the CP matrlx woul&

5 have lncreased can51derably Th;s small value wh;ch feglaced every

P(k /C ) whlch Equal§ zero is ca;;ed the default prgbablllty The

impllcatlcn of such a replacemeﬂt 13 that equatlgn (3. 9) whlch . ;_g
qrcalculates the ai values lS now nct truly Bayes;an because the set
és af prahab;l;tles of keywcrdﬂ as 5-21atéd w1th a gl en’ class no angeP o

&

- sum to unlty as: lentEd out. earller 1n Lh;s SECtan. Now every

keyward is "assgc;ated" alth evary class because even: thcse that dld

s n@t occur in any sample dacumant belonglng to that class have a.“
default gbabillty 3551gned to them. DbVLOusly the maller the
value used for thls default probab;llty, the clgser is equatlan (3 9)

' tQ-belﬁg truly Bayes;anﬁ ~Whef@implementing the sequegtlal metliod .
on a digital computenlthETE:is'a limit to hcw small fhis value can-be

ﬁadé Scallng technrques have been defeloped to allev;ate underflaw :

Pfablem ‘caused by us;ng.vefy Small Va;ués éf the'defaul’?Préhabllity-

) S ’ (. - R

3_4 Stcrage Technlqué for the CP Matrlx

e

The CP matr;x iS-StéPEd as hash table with the keywardg being
the hashvkeyg. Fach entry in the table Qtare; the keyward and the

‘associa ted rababllltles of the cl SS es. Th;s methad seems to be

w‘hﬂ .
)




bldeally suited fcr the 5equentla1 claSSLflzat;an ;mplemeﬁtatlgn as

’ ‘an ‘extensive amaunt af search;ng is requlred.' Tests have shawn’thgt

“proce551ng tlmélls cans;derably 10wer far sear:h tgchnlques emplgylng -

A hash;ng than sequent;al or binary Searehes.
fv Th2'31ze Qf the hash tables.were ﬂesigned té*?r@vide a 5@;80%

*

'1aad1ng factcr wh;ch ylelded a. low -average niumber gf prehes af*the

,table and - resu;ted in few EOlllS;GﬂE. Day's algarithm![é]' wag used

to resolve coliisiéns 7' N ;;: f:_  §€
It'mlght seem that cons lderable amount af core storage may be -
=_Saved by starlng the kengrd frEquency table in per;pheral storageé':g

"~ such as a d,;k-- However, ;f-thls»is'd@ne sear:h time w1l1 ;Qgﬁease

Asﬁarply and | may béécmé.préhibitive,‘ FQP every keyword extracted from

ea document ~the- keyward table has to bEVEEEESSeé“af least once.

1i
Ther faré if this. table ig stored ‘in a disk, the I/O “time fequlred

ki

“may be so high that it affsets'the saving obta;nédsiﬁ core stordge.

3.5 ihevgt@p List

In order ta speed up the, process af extracting keywards frcm

a dgcument a stop list @f very commanly accurr;ng words, such as "an" -

=

"thef; "Whéﬂ"a etc,, is maintained. Every ward extracted fram a
jdaéuﬁent is firét Sééfched in the st@p ;lst. If it ;s_nct éégtaiﬂed ﬁéi
© in the Stép list, fhén;the ké&ﬁgrdﬂtébiévis sei?ched. :Like ﬁﬁe- .
1-keyward:1ist; fhe sfap“list is_aléa sicréd as a hésh %éblé.  §ince!

.most words present lﬁ a dacument are ncnekeywards fhevprabability.

'_of f;ndlng an extracted ward in the stap l;ﬂt is h%gﬁér than f;nd;ng

o



ko

4 1t in the keywarﬁ Llst. there were. na stap 1;st thén the keyward

tab;e wah;d have ta he accessed a numher of tlmEE bef@re it cauld he v

*

' d termlned that -8 g;ven word was nct a keyward.» In gEneraL, cons;dere’

ably fewer accesses of the st@p 1lst wauld be requlred te reach -

K

“'the same de21s;®n. TE;S is the main reason why malnta;nlng a stop’

. llst is advantageaus.

3. 6 Implementatlgn of fhe SequentlaL Methad

The ba51c Sequent;al methad dlscussed in thlu Ehapter was

’ deve;apéd and - 1mplémeﬂted by WhItE and :aworkérs [28] Deta;léd S

“i{gdlscussiap of ltS 1mplementatlon and the res ults thalned by its

found in the reference cited Here-

£

-~ use on various data bases will bé

>wei5hall-pr353ﬁtVa few points*&f‘l jerest about. fhe 1mp1ementat1a %

A flowehart of the sequential methcd:gspresentedjglFlgu:e 3. 2

E As can be é%en in the flcwchart the 1mplementatlon varies 1n one

. #

aspect frgm the thearetlcal sequentlal algorlfhm.  Instead of
:éftaéning all the classas unfll a dEEISlon is made, whenever the QJ,
vs;Lue of a c¢lass T, 3 d:t:ps belaw the thresh@ld a, itis El;mlna.tecl frgm

cons;dérat;an. 'Thls is daﬁe in the 1nterest af reduz;ng c@mputlgn

|

time. 'Far eagh class that is retalned, aniextra multlpllcatlan,
‘d1v151gn and comparlsgn is requlred >5531d55, glasses whcse'ﬂj
values;areﬂiess than;théﬂthresha1d~may'gause'underflaw*pfébIEmé’if"v—

they are retained. SlﬂEE these classes have low. aj values’ 1t ;s’

—

very llkely that keywards cccurring in thé décgment in the subsaquent o

stages\if the sequent;al process w;ll ha#e default or very lgw

- B .




LI RO GET NEXT KEYWORD|
L I - FROM DDCUMENT

- OF -  \{
KEYWORDS
-AFTER LAST
» \@=TEST < R]

“EITHER DOCUMENT | . . = [
IS UNCLASSIFIABLE .
OR ELSE ASSIGN A ' ’ h
DOCUMENT TO CLASS|. o _ :
Cy OF HIGHEST o, | (obIY wTBST FOR ALL.

- g - . | REMAINING CLASSES.  |.
| DELETE - ALL CLASSES ‘FOR

o WHICHC!J <@

Ly

ASSIGN 1
DOCUMENT 0|~
CLASS C. 3

DOES ONLY
ONE CLASS C,

REMAIN?

NO

]

. .:'- “‘- ° . . V ° V — : . . : ) . N
“Figure 3.2 Flovwchart of the Sequeritial Method .




probability values associated with’thém,-'Henéeg=dﬁring*the.

] va;ues thenumerater of equatlgn (3.9) w1ll

o d ,
1nv31ve multlpllaatlcn of a large’ number af small quantltlea and

!caléu;étian"f thei

may cause underfléw. For systems w1th a very large number of classeé B

thlS mlght prcve to: be a substantlal QVEFhEEd : Of course,. 1f all

’,claSSéS-wEPE kept until,a:de:131an is made ‘a more accurate decls;gn

should result,

' vaSESQld beﬁhétéd.hére that és a result of thiS de&ls;ﬂn ta

.drgp classes whenevar the?r g values fall belcw the prespeclfled

3

thrashgid a sllght change has to be madé in- the calculatlan Qf the
'a priori prabablllty of the classes P(E ). Th;s was. done at the

aluvery beg;nn;ng of %he sequent;al pracess\ﬁféhs;ng equatlaﬁ (3 13)

'Now at each staga DI the sequential prccess, when LlEEEES are drapped,

he a Pr-j_c:r:l. pfcbabllltlgg P(C ) are recalculated conaide;‘iﬂg Dnly

’thefset ‘of classes %hat remaln at thaﬁ,stage. 7¢3p ?1

i, The SEQUERtIal algafithm was applied to fhe SFIN dafa base

1n1ng a.tatal of 500 decumentSJ Ea&h of these decuments were h

{ ) .
-classifiéd by thé Amer;can In_f;tute of Phys;cs (AIP)Aintc QDE_QP more

: élé'S'S set of seven cate g ries. Ciassifieatiéﬂ results obtained

H‘m

l

:'by ‘the sequentlal alg@rlthm were cgmpared w;th thase of the AIP to get

‘an éstimatefgf hcw.well the ethad has. perfcrmedf\ A Simple'cf the» .

best results abtalned isg ﬁresented in Table l. .QEVE?al values Df the
e !~_, T i . f .

thPEE'pa?ameters a,»T~and R‘Wéfe;used.




Iable 3.1 Experiménts Varying T and R
w1th a'= 0. 13 ' .

L

NUMBER OF
DOCUMENTS

CORRECTLY -

“WUMBER OF

) IS " DOCUMENTS
_CLASSIFIED ~
THE T THRESHOLD

_ CORRECT

"NUMBER OF |
'DOCUMENTS

READ
ENTIRELY _

373

s

64

358

L66
466

180.0

80.5

87.3
8516

55
70

;VSQ

1
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-
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27 Var;atlon of a d;d not prgducé sign 1ficant chaﬁge in éiass;fl— e

\

- catlon accuracy With_an';ncreaSEfin”T’ however an 1ncrease in

e

' accuraay was obtalned Th;s lS tD be expeated becauSe ag T is
f VLﬁEreased more keywards are ggad befgrefany a‘tests ifg performed

: o R , N .
This means that more keywords are examlﬂed befare any classes are

_”dropped or befare an attempt is’ made to class‘fy a dgcumemt - Hence

precipitous dez‘:;smnsare avoided.’ Variiatign_iit;\ R .did ‘not produce
I significant"éhangé in*éccuracy. However s T aﬁdrR‘are'incfeaséd‘-

" even though 213551flcatlan accuracy 1ncreases, fewer document@ are
actual;y ElaESlflEﬂ by the algor;thm. This 1is because now fewer
’documents have engugh keywcrds to sat;sfy the T and R threghalds. '

. vThese fesults Wlll later bé compared W1th the ‘results thalned by

L]

apply;ng the rev;sed Sequentlal method of Chapter VI ta the same ;

*

datd base. --A- A _!',_ :

L8

énd palnts aut some . of its leltatlons.; Theaa fQFm the b351s of the

é

e»:phllOSOphy of the rev1sed SEqUEﬂtlai methéd that is discussed 1n

"Chapter IV and v.’:‘

1

ivjE 7 Limit . ons af thE:SEqUEﬁt;al Method
R In crder ta understaﬂd some .of the 11m1tat19ns éf the géquéﬁtiél
ﬁefhod, it ls-necessary to look at the mast critical step ‘of the
;;algorlthm, v1z., the ﬂtep 1hat calculates the a pasterlﬂrl prébabllltyfi
of the class és, the dj values 'QHPPGSE that:&t any‘givenisﬁﬁgev |
,Ef the sequent;al process, a strlng of keywards wl,_wgg ;i.,EWé;

: , . .  ,; o

'Thé:ﬁext,séctian takes a.ériticéilié@k'at'the séqueﬁtial.algorithm’



s

- kayw, d set K. Then fhe a pggterlcﬁi prahablllty fer a class

_ f/f»' ; ! : P(C )E(w /c )...P(W /c ) ‘;{'-,'11  1"';; ‘f,_'

'tﬁe lelGWlng is assumed

-LVWe nate that *  .75" o ff5‘ .’*f"*; ,'

B (
=

=1

S 'a—-,

_____

: éi? denateé Ly a; is calculated as follows: “1L?*;_"’v l"i‘ﬁ_ .

,.Q{': iy
'gl Z,P(C ) P(H, fC ).i.P(W /c ) AT e e

L..l

# . : L ‘,,--'

F;rst the kgywards are treated as bving :gmpletely ;ndependent, i, l S

e . ) - | %
; - T ' o e : L
P(Wl E:ia W /C ) P(W /C ) P(w /C ):;.F(w /c ) f (aé;s);vb:

5.

.. whereas’in faét a m@re“rigprgus_and‘égéufaté’taghniqﬁé,ﬁeﬁld'béftéiuéef‘

, . S A
the fq;;awing:‘ R
P(Wl, E,i.i?wﬁ/ci)‘:-P(ﬁlééi)epgwg(ci?wi) _.P(w /c wl, .;wn;;),'

& L L e

: : “ . :

A Efltlcal 1@@k at- aguatlcn (S 16) shgws that 1n arder fg cansider

v kengrd dependencg, frequenaes of ca-acéurrénges af wcrds have to be

. ) r‘

.camputed.v Let us cansidér the zalgulatlcn af P(W /C W ) fgr ;nstance.;';;

7

o P(w . /c ) R
P{w /c ,w )= - ST (s,
P(W fC ) ' S ST

. B(W /cC,) is;already’availa§léffram.previggs'cé;culatiansi Therefore,

/f;"-vv; ”4A1‘,;?"i';j 1:';Vl-..Afi" t1x-:;”;‘:¥ :'~-;i . 2



RS LT s A

,’éaléuléted Fgr every sample doaume

&

belangs to C ; caunts Wculd have ta be ‘made for the numbar af tlmes -

'l and W2 occur tagetherrin?the same dacument, fhe pfébablllty is

¥
"

then abtalned by leld;ng th;s count by the tatal caunt gf the

’ % frequEﬁc;es Qf every keywafd palr occurflﬁg 1n cla iCi Thls has

'l

tc be déne fgr every pa351ble keyward palr FDP three keyward

de@endenC1es the c&mputatlon becames even more. cumbersame;' Thus, it

"3_// becames clear fram fhese twa farms Qf tha sane expr2531cn and tQ§§

. d;sau551®n abava that an asSumptlén of keyword 1ndependence reduces ;

. S
&

T the campuiatlaﬂal camplexlty Df the PPOblem meengelyv ;

BéSldES b31ng cumbergémE'tocDmpute ‘équatlon (3 16) fa;ls to

take 1nta accgunt the ent;re dependency af a keyword on every ather

%

keyword that gggurs 1n a do&ument In the strlng af keywarda »

t !‘

?5?% wlswzz!‘iaiiﬁi:éwﬁ; eguatign(s,lé) camputéa the prcbability basedéén

- o - .

 ;‘jf; the assumpt;an tha% the accurfénbe of w depends on the keywards_
B e s ;5 .
that have preceded lt ;n th% document. ThEPEfOfE thé dependenci af
B : F. * .
W ‘on- keywards Qécurr;ng after 1t is naot captured 7; _ U

-
o oww

- vlndependence; evéry kéfwerd‘s effect on tﬂé\aj vﬁlpé fgr a partlcular

#, i N : J

cléssﬁ In cther wapds; 1et ug assume thatﬁQe have three keywarda of

[

T mcderate Prébabbllflég pl’pz’PS from a’ clags C fand ane keyward Df

-1

very hlgh pPDbdbllliy p frcm d c1a5u~éi. Let the default
prébab;l;ty bg;np used be dgnated by d Then at the End Qf the'

faurth keyﬁard the fét;a af the o, values for the twg ;lassea w;lL be

.—,_! . = -
o= - .

;—sj. o ST

' t:las s’ dlr\ect;y PI'QPDI‘tloﬂﬁl t tsf, quency Gf Occ:urrence in tha.t R



,Dépeud;ng on fhe values af pl,pg;Pé and Pu’ ;t is PQSSlblg thét”fﬁi; 
. ratio is 1253 fhaﬂ ‘mltys i.e. i:q_ég > Py pg Py T hl is the case;f
~ then, the Effegt Qf three kEYWDTdsilsinull;fied by that of a8 singl-‘a- w
' ‘::flteyward If the daeument actuall’ybelangs tc Cy th;LE léadesirs—ble
:7sltuat10ﬁ,:1f it bel@ngs ta C > then the faurth Eeyw;rd iE_g-

-»ward and shauld be reccgnized a& Euch

;:methcd ‘one- gf 1ts majcr=drawhagks can be described as failnws

: ﬁ\
‘not want té have ta aalculaté keyward dependenc;es at éaeﬁ stagé, we

R

Ergm these two abservatlans maée abave abaut the sgqueﬂtial

¥

1'The sequent;al mathad is uﬁable t@ 1salate 1napprapriaté keyﬂards .

frem a set of ga@d kaywards. As ;n thé éxample giVéﬁ abgve, ﬁhé_ R B

calculatlans. It ;s alsg obv;gus that a dee;s;zn 'ﬂut thg appraa A*

!

‘griatenéss of this keyward has ta be iaken in the/eantaxt afthetmree'

LI ” E. |

. keywards wh;ch ha.vé p;evmuslg heen ;tientlfied. : Thu‘s even ﬁhaugh e ic o =

- do’ need ‘a measure: af "claseﬂesg" betWeen kéywcrds., Thls measuré-

.Lshauld be able to- lsalate nglsy kaywarda frém gaad ones based on’ the

dlstange between keyWGrds. The deglsian regardlng whlch keywards

Iy

::Shauld be cansidered as noisy may ﬂhange as new keywaéds are read

£rom the document. A distance_ measuvathat'daas_this affectlvgly

&




g

Y
oy A

,'w11; be 1ntrgduced in thé nextrghapter.,""

>"Anafﬁer d;sadvantage whlch ‘is not apparent frgm the abgve
' dlSEuSSlQﬂ 15 that the Séquentiai method lacks fhe pdwer té cl SS fylﬁ

B 3

vdgcuments into more than one’ class in a systematlc fashian. Very

=‘cften hased on ;ts subject aantenf a dacument shnu;d be Qléss;flEd

'lnta mare than gne class. Slnce at agy stage af tne classlficatien

:prccess, the mj valués dencte the a PSEtETlDrl prababiilty Qf the

3 i

f'classas at t“at palnt the saqgent;al methad can use thls ;nfarmatlan

£y

ﬂogument tg a secand class N Let us. ay haL wE have a

' fthree class prcblem i. e.,!an lncoming dacument may be clq}s ed lﬁ'_i"

' fclasses Cl’CE’ or CB Attheg@intofclass;ficatlcn lghthea;msterlarl_*fﬁh

.‘Prababllltles'be glven by alngSaBS Where‘ﬂinilSEuumew1thaut 1§55;3v5-?’”

that gi}u}azgﬁaa, &

-cf general;ty that claﬁses CL’CE aﬁd CS are éfdered

o he;ng the preset threthld 1evel.- The prlmaryLELas_ iéfpfncéursé‘gﬁ:l'

l’ but hgw abaut a secandary cLass?

fseééndary_;lass at th;s-stage. SlDQE a?>@3 we mdy ﬂEElde to denote

: Sévefal very 51mple mlnded teahnlquet may ba used té q;ta;

- Cg-as a secondary class. However, th;s te hﬁ'q”é 111 Dbfalﬂ a

Iseacndary 213551f;cat1an ln every case lrredp5ct1ve of whether or

fﬂQt‘;t ;S'Epperrlaté to assxgn such a:class. Even thcug'aa'“and agf'
' 1gach mlght be very small one af fhem WLil‘always be chasen as a
i se:andary class _': é_  ; - ;,1 :'f B '   o :_:*1:“ viA :._’;”37"

'ﬁ\;.L Dne way ta handle thlé pnpblem ‘é ta requlre 1:hat”c:;,,jl ghaﬁld be-~  iﬁ

: . éf i
g cdmparable ta-gl This can be danEby means of u ratlc test 8y’

iy




‘ snd caworkers [28] A secandafy class wauld be cbtained cnly 1f,7

B, .
- add;t;an ta satlsfy;ng the rat;a test the ccrrelatian caeff;clent L

:V;between the twa classes were h;gher than a g;van thresthd_ The 7"'

,ffatlﬁﬁalg beh;nd thls methad can bé explalned as. fcilaws. Let usz;ﬁj -

’,rfassume tha 1 S g ACl and C are the pDSElble EthEES far a pr;mary

- and secandary class respectively.: Then a. Vénn dlag?am répreseﬁtatlan ,

Cp @ d Cg, and reglan III represﬁnts Hards wh;ch

"values far‘bath classas C.

-f belcng exclu51VEly tg Qlass C Let nrn2 and n be équal ta the

s sl ; . ] - .
- a,!

number af keywaras ;n reglgns I, I1 and III respecflvely, Then the R

'earrelatlen éoeff;cient between c;asses Cl and Cg ;s:;alzulatgd as.’

- Q‘(El;’cz-)i == ¢ l9)

e



o

: JIf the value Df p(C C ) is. hlg, enrlt 15 llkely that a glven

:-dacument may belang t@ bath these QJEESES.' If hcw;ver n is l@y"¥i"3'ﬂ:”

‘ agd nl-and DB arE’hlgh,,théﬁ,p(Cl,C') wilL have a- gm&ll vaiue ' Inf:Tf"“:

£

ndary classye?eﬁl -



keywards accurrlﬁg ffam reg;gns I and’ gans and analyse them separatalyq
. fa abtaln prlmary and segcndaﬁyi' S

R the prablem f 1sa;atiﬁg no sy kEywards and ldent;fylﬂg glusters

g 5

2f;f;f;%j§f“similarikéywérds;' It define s a &isfaﬁce measure, calied‘the
zed - ts .

A : -
™
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LI

‘ﬁeipre thls is aane, hGWEVEF, ;cme reguired concaptg are d

o It k occurs in a dacument then the quantlty pJ,$

~ CHAPTMR TV

. THE BAYESTAN DISTANCE - -

g

o The seguentla; me$hod that has been descrlbed “in Chapter III T

X

1s é fast: ﬂd;fg;rly agcurate methnd fDr dacument clag51flcatian.

.-|‘

'the‘accgfrencé; >aiSyiEéywards'aﬁé héw;itifails.ic'gchieve“ .

secon azyxclasslflcatlon in a systematlc fashion. It WES'Sthn o

:'z"~ ) : . -

{ that if an . appraprlate dlgtgnce mga;ure could be dufiﬁeﬂ, then

= ®

nalsy keywards eauld be=4s@lated and clusters of glmllar keywards

‘” ﬁchld be 1d2ﬂt1f;ea Thege kengrdg cauld then be analyzed to.

¥ il

ébt&;nmprlmary and'sggcndéry clagses f@r a d@cument. Thls chapter g

I [

s def;nez such a dlEtEnQE méasure and gutllnes some Df ita prapertieQ.

] ) : L]

'Gééd’Kéyward; It wag n@ted in Chapter III that a kEyward hag an:f'

) : S
.assac1ated set.of. prababllltles repregented as k 1 [pi; pg, cens pt];

1=

hlch denates

Y

p(k /Cj)’ mea@ures the strength w;Lh wh;ch thlg keyward relﬂtEQ thev :

'.TdacumEnt té cla 8 Cj - Suppose a dDLument helangq to class c _Tn§n=i

I .
w
. ; E
- e
'1
£ T e
L *




'f»a keywc:d ki cantalned 1n th;s &aeument 13 a gpa& kéywmrd if. Pj is ;w,:_&“-m@

:¢_greateT than or egual ‘to any cf the ather probabiiity values assaciated

Fl

w;th k

NP;gi,K%}jfﬂr‘i is ion g?ééiré,;kéywarq I;lis a
Prlmary and Seconda;y Clasaes Very §f£eﬁi'b§éeﬁan ita EﬁbJEGtA %  e
ég;t;ﬁt‘ & dgcument may EE Glasslfled inténmoréﬂfﬁan ane‘clasé,:éé&';i: L
iﬁ;}A‘. | ¢, and Cji‘ If thls ;s the éﬁse then this decument shauig cantaiﬁ ;?,,i )
J kéyvcrds whlch are 1ndlcative @f Both glass C and Cj 3$hisrma§'i i§‘
happen in three ways . e ;7! . v ;.j. N !i;?., .i‘A  : |
£1) The decugent ﬁay ccnt n ﬁwgrgup @fﬂkgywﬂrda o “’*n=;A{
B ,:Aand Cj are predamlnantly higher than far the:":.€1;.;i}
 other classes. A7¥ L %\ ‘ |
ZKA; : ; (ii)‘The d@éument may écntaln grgups Qi keywards A :
: {R ik i ﬁ } and {kj 3 ""’kj } Euch that 3_;u e
1 : o2 o s
the first grcup is a Sei of ga@d keyﬁards f@r class :_
i:ic and the SECQH& ErDup is a set Gf goad keywards B
E?';‘ o  :(iii) The dccument may c@ntgin keywards which fit intc bgth

L{(\Q.‘k§4d”:;””1-_ | caiegcriea (i) and (ii) Baaed on an analysis of '  -

“these keywards it may be determlneﬂ that the aocument




) shculd be class;fléd Lnta b@th’ Gy

“fand. c,v If the Lo o
f C than of Cj ﬁhen' :

0 f%ywards are mare 1nd;cat1ve

Sa.

s ’ 'ﬁ is d nated as the E;lmary ciass and Cj 8s " the

'+ secondary cléés;

Th;s cha R‘deals vith the deflnltlcn af a measure whlch

,_Qﬂaiayikéywa;ds 50 isg;ated mayitheh;bé» aiyzéd*féfaeterminerwhethei;
they indicate the fact. that the document may be aséigned & secondary

. [

' clasé} S L : Sl _ .

TbisiiistanCE measure, called téé ngé§;gg_§;§t§g§§5*hés‘bé§n>

s

'definédfan a't—&imensianal_#éQEQr space which may be used to

¥

represent kengrds 3y Tﬁé”ﬁeﬁt-sEctiah d ses such a representation.

h 1 Vectér Representatlcn Gf Kengrds

: The keywcrd set reprgsentatlcn fDr the seguentlal methcd e

““cGQSists cf»a“matrlx.;f GDEditléﬁ&l Probabilities; Each of these
.>  Prébability vglués réprésents a numerical measure of ‘the extent to e

>”1Whlch 8 kéywcrd descrlbes 8 particular claasi ‘This m&tfixi refériei;
»ta as the céndltlgnal prcbahllity matrix CP, was introduced in

f sect;gn 3 af the previaus chapter_

I




If e rew eerreepenalng te keyword ki is. 1ecleted frcm thie SACEREEE

@.4 metrix the’ fellewiﬂg is ebtelned r; x~A_
: \3 RS B

e v

[Pl, Pg! "': Pt

. “?

N :

- P(Eilc )-fef}; i;.=: i,;flli_A‘f,' }i

eeﬁ}élgmethed,;eeééiﬁéctmenﬁefEhd:exﬁreete kewarde?t

it uses only 't

r'e the prebeb;lity eeleuletieﬂe .

. %y o
veetore eeeee1eted with ‘then ere ;e,n o

?;the eame. Ey the eeme

A keyverd therefer 1 : repreeent d as- a pelnt in &. :

f e

o t—dlmenelenel yeete’*epeee vhere eeeh eempenent ‘of - eu e’veeter 18 . o

“_e number betWeen zero and un;ty.' Henee a deeument whie,=eoﬁf&ins‘_ VVVVVV

severel eueh keywerdejeen “be . represented &8s a eelleetien of points

“in. thls EPEEE.: The next eeetlen.eleberetee on thie idee B .

fj:*f_Aih 2 Veeter Speee Repreeentetien of Deeument o
A deeument fer the purpeeee of eleeeif;eetien, 18 a greup

L
[

'ef keywerde {kl, k N kn}; As neted eerlier, each’ ef these ,,"f 1

5o
inger s




‘ﬂLfVSPECE may e v1guallzed as sthn in

nsh;p between éach Kengrd can be studled : Fgr the sake

of 51mp1121,y, ;et us EDnSlﬂer a 3 class case and a dccument that

has a tata;taf seven keyvar ~Th sé- seven p@;nts 1n 8 SQilmehslsnal g

',&41

gure hal.v Suppgse that ir

f 1ﬂentlfléd  ﬁ>: ;a 5.f, , f_,:i Sl ;‘j;’a‘@”'- R

(1) G represents all keywardssfcr wh ch Pl is greater o

than the default prababllity va;ue. "

(11) G represants all kégvards far which pg is greater 7
e ' . %;'

than the default probab;llty valueﬁ ’}T“

$7 A kéy%cfd'ééééﬁaiﬁg'an it probabili%y ccmpdneﬂtsfmay beléngftaf'

any ane, any "two or all three af these grgups. In Figure i, l

G GE’ and G have been drawn to represent thgse graups.

Loaklng at the f;gure we can say intuitively that the
e

: dchment belangb {0 class C

l.w th keywarda kl, kg,_

Letally Gr partially representutivv of that EIEBE. In Dther werdaﬂ_; ‘

1

£
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Aruitoxt provided by Eic:

L L

thase keyWErds are. lndlcat, e.éf class C. bec&uae they have‘

1
default prcbabillty c@mpanent fer that class,

.f'"

fﬂrm a cluster af s;mllar wcrds. Assuming that the dﬂcumen

o

belcng tc ciass C kg and k are definitely

T
they have default prcbability values far cl

-

Fig




Ve ‘ I  R 1
As anather example, ;nstead of having one grcup of~ Slmll&r

8

;"xx;tﬂ, 1keywards, a representaticn af the glfen &acument may be af the farm o

: @bialn &8 prlmary elass._ Graup II egntalns yards which haVe

g

The d;scu551an in the prev;cus sectlgn hag painted out‘the

i,~_need fcr a 51milar1ty ar dlstance measure which will be able t@

P *"'!

'1salate naisy kgywards aﬂd ;dentlfy'gréups af 51mllar keywards.g In

thlSASéctlaﬁ we discuss same af the QQBVEHthHBl dlatance measurEE'
i,that have been used ta campute 1ﬂ“fumla.r;;Efc.;yr betﬁeen keywcrds. ’It is ¢£f~i_’f

57315@ sh@Wﬂ why these measures are inadequaﬁe ta handle the twc f"



ERI

Aruitoxt provided by Eic:

s

_two' vectors is giféﬁrﬁx*x

 '&§§5@:& igéjé;defined‘fér'biharyfvééﬁarg;'?Sﬁ

t;—aimen;sggﬁaf:; binary vectors, ther the

‘Figure 4.2 Clusterf of Ke
)s:‘: et e - A

ywords
2 L * : ;
- One-$f the earliest measures used is the.

yector’corrélation. .

P

£
[

-

ose v and W are-




= g L ; ,(;,sf N T i
‘ [22] Th:l.E h 3 been used. in maﬁy systems and specifica;l?ly in the
L SMAR‘I‘ retrleval sys‘t.em_ This mefgure -_-has ageumetric&l 1nterprétatign, TR

. l- " -\' T L . R

Aruitoxt provided by Eic:



!lél;

%;;;hgl%;;%reguiteé that.lf tva_keywcrﬂ vecta:s_lle_wlih;n_the,same_aLagag;‘»_ﬁ-;xq—f
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{la B 5

rd 1n relatlon to the flrgt keyward__ lﬁ ﬂagumeﬁt¥5;.3 te

';g;éyAuséaénd*krifard is prncessed the dlrectiﬂn chaﬁgee

no;sy 1n felatlan'ta th

rase and the 51tuatia

ig;af class C . @ﬁénce aﬁahange in alrect

J

Theaé kEywﬂrds may then be 1dent1f;ed as halby ;n

3

.7 ég:usiﬁg; them.

= b

' rela ion to the class cui‘rentl_ unﬁer céﬂslderaﬁhcn ami dlscar&e‘j_

| 1ng guch a stehlru.cp.us wil] bew " \ L

j_i \r% tgégate ‘L.ht:: relatiar@hip be‘iw‘een xfurlx%sﬁ kengm |

Tf B




Supp@se kvl’hs a&a sa

T c:f cls&i ({l:-as_ kl ::‘.si. ; Thsi. s, Supyos
.- and ql::-v gB 18 sueh a ease the 1argest value csf al WliLl depend t:n [N
L . - } - . L . . R ) z-; i
o : 1e praducts plql,k pgqg and PB 3 - If plqj_ 1'E 1arger than bpth pgqg 1 5
~and p3q3, then al w;ll bE larger than a anf*d cx3 If nc:sw the clﬁ > .
E‘Gmpénént Ef IEE_}E 1ncreased it hecames mcre;, 1n¢iicg§i‘ve;@f glas - e T
Q ﬂ@ _ff! " : I é T

ERIC

Aruitoxt provided by Eic:



ERI

Aruitoxt provided by Eic:



and p3q3 remaln the

"esult a, incréasesﬂreiativ

"=f§” are’ ccln21dent In such & Qase, the ESSDCl&tEd vector fﬂr k can

: be represented és a SQalar multlple of kl‘,';}‘

§ : and qB'f Yp& If the a pGEtEIlDrl PIGbEbllltlEE:Q, the clasaes gre

b2t
- and =, That medns.
Fe TR i R

A magnltude of’ the Bayegian dlstance shauld rEglgtEP an 1nereaae .and L

the dlrectlcn shguld p@;nt tc clasﬁ C : The new magnltuﬂew;s given

Mag(2) = Lo sy

o




eaﬂe? than YPE ‘and. ng

ithaﬂ Magrl) is- nat 80 ébv;ous_. The" ;fJTA'T:f'j; orem, proves ., - ?é

kg [YPls P, 'YP3] o

- b

;et Mi ana M denﬁte the magnltudes Df the BEYESlEn distance R0

2

=y ﬂg

A ol T
'i L= L Pi oy N : ST R

e e R T M

"ffffEméigé‘f:_ After cancellation of ;}, the inéqus}.lTy cﬁn be reduced to. ..t

PR : :
T R S, o

Expandlng th& denominatgrs and ami@t;ng the llmltg of tHe summatiaﬂs

1

. ébr 1mpllclty‘we haveiig.~"

M * L 24

Ip, +2 L pp;... Ip, +2 ¥ p.p,

Furthgr qlmplLfleutlan yjclds _




‘% . ';g i ‘ s
: " ) 2
iy
Eipanding bath EliES we have IR ﬁ?isf’; VT
(PE‘*PE*P)(PP 224* p)i(yuffphlp)(zzp +PP‘*PP)N
FL " Pp T P3VTRPL T B3Py K PaPpl T IPLTT Bp T P3liRaRy T PaPy PaPp
Reduc;ng and factgrlzing we have ;f; B v T'_,‘ ) ";.Ia; 3 
Loy - PE)P]_PE(P PL)+(PE‘ PB)RBPS(PB Pg)'*(PB '“Pl)P;LPE(Pl B
’ . 7‘:\ = - 3‘ i, , ! 3 Vx ,3 I,B : g ;'L‘;v . . ‘ : ‘.‘i -.k
. Far ¢ .f- e i e RN et ﬁ‘

Assuﬁing withaut~1§é' Df generalltg that Pl > Pg > PB’ ve: aee that

‘i.the first three Egé;s "of. the’ abave lnequallty are. all lEEE than Zero.

Therekare, we. have to shaw that/g‘ y i ‘}
- SIf P:i/PE a.mi PB are alj/eciual then Q eq_uala Zero. I:f' P;L ’
: '-.gyiﬁéis;kE?Plﬂg.Pg &}— 3 the same, th%n the value Gf'Q f”!sé’?:

" becomes less then ééfb;ff'bpg'lf we can, pﬂave that Q “as no ext”'




',”921
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. - Ed .
1 o7 B é
B B T e = _. ,7;772’,_‘-_ —— e = =
RN o Py = PpPy )
AN = : i,
i 4 E .7y .r‘ .
P;_ =¥ PEPB A ]

&

‘This is imp@ssiﬁléxii pi'ﬁfpggan& P;-§ Py Théref@re Q does not have

gny_extreﬁalfpainté;}ani'the theorem is proven.

{ o - : S/.f A v.,‘v'\ , . X :7 ‘ ) B :_/
1.7~ A stronger versiaﬂ-af Theorem 5i1 will riow be Q@nsidered; It

vas nated'inaééctian'f, th&t when a succession Df good. keywcrds_'

oceur in a d@cument theaBayesian ilstance magnitude ;ncreases_
/! = \ : ‘
manaton;cally and the dlreetlcn remains constant. jpat 15, 1f a _ .
' x..» _ v
/heyward Dccurs Whlch has the hlghest prababillty ccmponent for a

\.

wj/// cla C foll@wed by an@ther keyward wh;chﬂ as the hlghest campanent

}%: far the seme class Ci’ thén our canfldence ln Civas the ccrrect

g/g‘ ;class ta whlch the dacument belangs increas Thls expe:;mental

‘ phen@menan can be exﬁLa;med by the thearem vhlch is gtated‘belaw
:‘]“;h2creh §h2; zGivgn tw?‘kengréé ; - v: o ; E. ;:;%7v1,: v \ 

J\\ -; 'gf' o ”=; f{?t?.i »g‘ {gla’qgg qBj where ql --éé E-ng.

‘Lét Mi be the magnltude of"’ the Bayealan dlstance calculatea ualng

kl, and M2 be the magn;tude calculated ua;ng kl an& k respéetively
z Pi ‘
iel ™
- 2 AR y
) ;>j],_f~,_ : g
Jel v - L




The pracf of Thearem 5 E vlll be presenteﬂ in Agpendlx G Thé

o appeal Df th;s result llES in the faét that 1t is EGUDtErrlntULthE; 

. the idequality above by T l L e S -_i

P We ﬁctefthat-. A T S S .

Let us denéte Eaeh term fothelsummat;qn én,thé f;gﬁt hgnd side?af -

A B - S - _ .

"t hdnd side, i.e., L

B iEI i};
e, can now be WTlttEﬂ as .

+ ag | o o e ) '(5;1&3

‘H—'a
i
o

=
T
I

;’canaiti§ns o

%
-

6!

.



"f‘.Le(t k i be given by .

! S ol |
- ) ; A
are satisfied then the following.inequalities ‘are true ‘
. S = . - !
[ - =
E'l E'g i 5'3 ) '.a : ES
¥ ; ?l > bgg:bB ,_f and \ |
,7" ‘:;' . . . !
xb.l_eal : | R
ebh 58 (b + b 4!*;_‘i b value
Slnc%AéL f_al, (bE’”_EB) must. bekless'than (52 EB)T Ihe.v;lué,

(agb+,a§) may be 1ﬂcreased by maklng a 1arge and a3 smalli’séimilarly

+ = 5 i . ;
af1c15551flcatloﬁ, ;f two keywards are mare,;ndlcatlve af 3ne glass

i Ml R -

than other classeg, then they are good kengrds in relation to: each,>

i- =

'othér. The 1neguallty abcve assures us that in. such 8 case the ’

8 e sian distaﬂce will increase and the di:ectian

s magnltude @f the
Cowill remain cénstant. : ,;, e ';;;:
. V. . T ™
However, it should be nated here’ that the' constralnt 1&9@53@ on’
. keyword k fpr a glven keyword k such that ME may be greater than
1 ”‘hl represents only uufflclenﬁ candltlons © Let E1; asibaféré, be
.+ given by\ » _!l

=

gi 4 ok

'2 43
 the sum (b + b ) may be decreased by. maklng bE equal tbsbs;ixiﬁ
appeare therefore that even though bi is greater than a (b + bi)
may be made uffl;lently séaller than (a§ *+ ag ) such that MS may beib
. actually. smal 1 r than Ml ﬁ The theorem %ﬁates that such a Eituation:"
cénnot‘océﬁr ih ;hart thls thearem stateﬂ that for. the purposes

g
¥



. then the guantltles-a , B

- that (b5 + by

x’greater than M1 Thls_l":

 for ki- Under such 21rcumstances can M2 be greater than 1?

We nate that k now is ﬂDt a good keyward in relatian tc kl because

2

_ the nd ﬂof its hlghest prababillty campanent is d;fferent from that

) If the valuea Df ql, gg and qB are such. that qub » qug PBQB’
1 %o %B; b and hB deflned earlier will .

stlll satlsfy_the inequalities . LT

: 87 By 2 By
:bi’§ bg EVEB" and ‘
. . 1

,Hengé depending on the values of ag,,agg-bé'and by 1t is possible

o

2 2 ‘ e M2
3) ‘Tﬁug,Mg is

= - ,
+ bg)uis greater than (a + a +a
Eiillustrated better by an example,

' Let k and k be glven by

2 L ,
| k& [0;5,.'0;'4,’>Qi1]1 ;

~[0.41,70.5, 0.00001].

- Here we see that_the iﬁiei”af the-highest probability component for

it is C,. Thus the constraints stated in

k. is class C..and for k. 5

1 , 1 2
S Lok _ ’ . St T
Theorem 5.2 are no 1angér satisfied. . However, if the Bayesian
‘distances are calculated, we see that Dir(1l) = Dir(2) = 1 and

M =0.h2 .

[

P

Q.5Ch .
Therefore ‘

. M, > Ml

-
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Théﬁ ussion above 111ustrates that in addition to
'these cgniltloms, the index af the hlghest prabablllty component
‘f@r each keyward shauld be checked tc see whether they are al

' samégf If they_atei.then thE'kengrds*gan be cénsidéred to be good

‘.keywérds=in relation £cléaéhféthéfuaﬁi the d@cuméng’g&n be considered ;?

'*’%énﬁe’i&eé; in nature.
o The tw@ theorems stated above'éxplain %ame'@f'thg éxpériméhﬁul E

phencmené‘ébserﬁed in %he earliér secticns of'fhis—éﬁéﬁtéf. The

next chaPt,ridevelcpg a classificatlgn algcrithm bagea on thege

_ﬁ; ‘Dbserved phenamenai Keywards are extracted sequentially erm &

document aﬂdist~ ;cha5t355:th§fmagn1pude‘and i;rectignlaf- thégﬂ:

are calculated. Changes in these quantities are -

. - Bayesian distance

. B

’cbsefvad iﬁ'orig?itc»iSOléte,naiS§ kefwafds aﬁd-ideﬂtify cluéter%
Gf'similar.keyﬁéfasi If after remcval of the noisy keywaris, a o
"lf%moﬁatéﬁicallyfipcfeés;gg pattern 1Siéb5§ived in the,anesian
- ﬁisﬁggééggagnitﬁdesi-aé inf%hé case éf,én£ideal décument,'éléasifia: 
: é&ﬁiéﬂ is apte¢ptédi bes;:;ptioﬁ éf hpﬁ'sﬁch a metﬁﬁafgaj béii |

vimplemented is given in the next chapter.. - o x




CHAPTER VI

LI s

3 ~THE'REVISED%SEQUENTIALvMEIHCDiV;PEIMARY'GLASSIFIGATIDN -

The prev1cus chapter Sh@Wéd haw the an251an dlstance measure !

eaul& be used to detect the presence cf nalgy keywards and to

vliéﬂtify grcups-@f good kéywards‘ln a dcéument. The baaic Eequential

'algarlthm discussed in Chapter III can now be m@dlfled ta ach;eve

classzf;catl@n by taking 1ﬂt§ aec@uﬁt Gnly the good keywordsi' Th;s

chaptér is- dev@téd to the des;gn Df guch an algarlthm The alggrithm

’Vgrks in two phasgs.{ In the flrst pha e kEyWGPdS are extracted

; segueitialiyvffém afdagument and, based,&nxthe Egyesian;distanée-

analysis, the total number of keywords-'read are ai#id d into “two'

gr@ups=ithe g@éd'ké§wgrds and'the=ndisy‘kéywards;v The first Eeétiénf:

af thls chapter dnguEEES &a method whlch achleves such a separation
- R e ;
@f the keywcrdsg- When the: good keywards are such as t@ meet the- Q

" and § thresholds ﬂiscusaggln the previcus'chapter, the algarithm

- analyzes thegg words to Dbtain a primary cl&Sé for the daéumenti

"

In the secand phase the nclsy heywards are analyzed to see whether

these aré,iﬁdlcativé"ﬁf.angther cl&ssi If so then the dacument

‘is El&%SlflEd 1ntc a secgndary class This secand phase Df the
&&;g@rithm~W1ll bé discussed in Chapter VII
o v , : ¥ !
Q S : . .
. ’s o : N : ] N - N - . . s :
. ‘ - 97 e L.



6 1 Seyaratlan of G@ad and Noi sy ﬁequ‘ﬁr ,

Each keywnrd Extracted frem a chument has the form

e J [pl, Pg= ceiy Pt] where p denctes the prebablllty p(k /C ).

‘These’” prcbablllty values are obtalned}fram the EQndlthﬂEl praba—

»hility matrix CP discussed in Chapter III Besides,a prcbability
vector of the form shown ab@ve, each keyword haﬂ also gsseclated
with it an 1ndex I representiﬂg ité 1ac&ticn in, the décumentg¥'Ther
‘:flrgt ke&ward reaﬂ fram a dccument has an index L the secand

vheywcrivyas an index E;_and'so on. Each Qtage of the H2quentlal

#

process now consists of the fgllgvinggz
(i) Q keyiards are read framfa;dgcumeﬂt where thé
';Parameter Q represents a threshold. Thé_DB

‘magnitude has to increase monotonically over a

'sgquengé of-Q keywords in order for a ‘document
. .

ta be cla 51fled 1n a prlmary Ela . “This puramuter <

was 1ntraduced and d usged- in Ch%pter V

O ENEED The ;ndlces and the aas@clatéi PrDb&blllty vecf

. R
for each of these Q. keywordg are atarpd 1n an :

- - _; ' input buffer. - L S -

. . .

'*.f: In Qrier ta separate ‘the ngisy Reywardﬂ fram the g@od ones, twu_ w‘ .
» =aux1llary bufferg are gt up’ E*ch af these buffers are capable Df

“:.;gtarlng the 1ndex Df a keyward where the index serwgs.as iigglntep
- . .
' tgen entry in the input buffed, The firs t auxumry huffer will

-

Le o [ AN ] 5 .
be used to store the indices of the”gggd'keywafdaa aﬂd!w;;l be

ot
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4 T TE

: éalléd-thé'géai,keywofd'ﬁuffer (GBUF)@ The secand auxlliary buffer

Wlll ‘be used t@ contaln the 1nd es Df ‘the. nois y keywcrds, and will

be referred to as the nalsy keyword buffer (NBUF) , '_; ' 'vi*
Inltlally ;ét us assume- that all the Q EéYWDPdD read at any
-‘gtage of the eqpentlal Pracess are gaaﬂikeyward in that they are
alllndicativecf@neclass; The ,f,reth51ndlcesoftheseCleyworﬂsaréff
teﬁtétivelflﬂadéaixlthéGBUFr Suppase W,; VE’ffi"_wQ'are ;he;

:Q keywcrds whase 1ndrces sre in the GEUF Each Wi i%fég cQurée a

e

member Df the keywcrd set K {k : E,';iiv k%}}_ In Qrdar ta check‘
whether a manatgnlcally 1ncr2331ng pattérn in thé magnitude of DE

V"1s thalned over these Q keyvards, the Baye51an dlgtaﬂﬂe@ are )

Y

: 'g'*_f. : calc:ulated uﬂ:mg keywordw then keyvords Wl and Wg, ancl so on. . The
farm af such a manotcnlcally 1ncrea51ng pattern was ,hown-ln e

Flgure 5 1 af the prev1@ug chapter If at.any stage a partlcular

- e

: keyword causes tha magnltude 1o decrease ar'thE“dlrgctlsn’gf_DE to
. : - e

,;i"change, 1t is. tagged as 8 nq;gy ward Its iﬁae%;is tﬁen removed
from ‘the GBUF and put in the NBUF For exaﬁﬁle,.éupﬁcéé_fqﬁ%."
_1§eywarda.wl,_wgfgw3 and WLL have been read Thé ihdices-l 2, 3Va§a;’
t{ﬂ afé tentatively 1QadedA1nto thE_GEUF Further supp@se thdt f i

T
e

kéywards Wl and Wg yleld a: monatanlcally 1ncreas;ng Pattern in thé

ff}f'magnltude Df the Bayes;an digtance .and a canétant directlon. VIt¥

A

:15 then asaumed that they are good keywards in ralatlan to Eachv
'othér‘. Naw let keywmrd WB be guch thaL it causes a de;reaﬂe 1n_

the magnltude; Then 1t is tentatlvely tagged gé[a n@isy keyward and

- A » .




e ® . B ¥

the mde}: 31is remr::vecl from the GEUF a.nd put: 111 the NBUF The

Vsa.tus.tlt:n at th1 Stage is deplcted ‘D:Y F;igure S 1 The process of -

calculatlng the Bayes:,an dlstance 1.5 I‘EPea‘téd Llﬂlng keywords W W2
" and WL; tD ch.ecl: whether WL 15 a gaad or s :m:ns;r keword. _. The‘

Ty

f@llcsw:Lng SEEtlQn dESC_‘I‘fDeE hr::w tha aneslarl di Sta.nee.; are calculated

and how the magnltudes and- d;rectlcns ai‘e tested a.t each stage to

1den‘tli‘y the nmsy l;eywurds

5 2 The BE’,YEEJ.ELH D;stsnce Calculatar and NQlEE ,’Detector L &
) - Let Ma.g(;) and. Blr(l) clenote the magﬂltucleg and dlrectlons :
_wreSpectlve;Ly, calculated ‘at. the end Df the i h Eiewt::rd in the GBUF.
Thls lS dane by flrst calcu;l.at:.ng the Bj v-s.l,ues uglng the first i LT
l;eywards in the GELTF K R \
o = r=l ‘ T ey
- ey = g . j :Ltr:t o (61)
_-?:-.[wp(w/f:)] oy
3=1 =l
,Magl(i) .'é,gd._ Dir(i) are then calzzulgﬁ:ed,usxing Jthgse;falues as follows: .
o Mag(i) = 2(e)” S 6y
I Dir(1) = indeic r:zf the highéé*ﬁfﬁj velue. .r"_

Fr:)r each value Qf i greater than tw::: a nclse deﬂtect ion procedure is oo

implerrientgd o If either .of the fDlleinE tﬂg: cgﬂditlons _

1

k P ’(i)& .__M,a.g(i) < _Mgg(-; 'i l)al 0




INPU’T BUFFEE

o :'mEx |

Flgure 5 A Input Bui‘i‘er, Gcmd KEWDIE]. Euffer S.I‘ld
o Naiay Keyward Eufi‘er . i.

) o MOSI—
K
o
. N i
£ : . ) = ,7--
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R

(')

. ~th
is d&tected then the i keywmrd 1nthe GBUF 1sassumedix>b8ﬂcisy

é?§ It lndexzfzput ln the NBUF and removed fram the GBUF The iﬁdéx-vg

“dre faundf
(i) Mag(L) < M&g(2) < ... < Mag(Q),
70 (44) Mag(Q) i;é‘ﬁhgre’s ig téé;prgset’égturétign

*ﬁfv&lue iiggusééi in.section §i§; and - p, He,

(i1i) “Dir(1) = Dir(E) ="' .. = Dir(Q), o Sy
'then‘g ménétanlcally increasing pa%ﬁé}n in théimagnitﬁﬁesﬁéf,the

anea;an dlstances, with tha dlrect;gn remaining ccnatantr

" obtained. At this palnt there are b,;EYWQrds in the GBU~

;u:n to each cher and whlch between t]

fe indi 1ique class: whose i§d3§‘i5'given Ey

1dent1fled as

of the three_c n _ns'liate& ahévé is not saﬁla led and

cumeﬂ; c@ntglng no mare keng tc be read then 1t is

¥

‘& termed unclassifiable. ~ - = - N

e _ It'hag been shown that'aiter-reaaing eaéh'keywérd g decision

- .is maﬁe as. té whether it Ehﬁuld be cansidered gQDd or naisy &apendlng

%Dn the leEEtlaﬂ and magnitude of the Bayesian dlstance.’ Eased ‘on

this decision thg 1ndex of the ward issié"i

.iE put in_ﬁh§'NEQF; Siﬂce a keywerd ia g




fit@ the cher keywards that hysefpreced‘dvltzin the d.gument, it is’

C

Supp@se WE have read 8% ,erlea Gf keywérdﬂ Wl’ Wg, ; 5= Wn and

:. o . (e .5} -

; Wé;‘ Then 1et us . assume thsi the fDllDwing gequence Df act;ans have

‘s = ; R vld;_\ P . ) s d _- ,- o . - -
B N, been taken. . FIL &R U o -

+ e

). the iﬁaex'@f=Wa.is.@ﬁt.in'tﬁéfGBU?;ﬁ

B

(ii) W is gé@d in relatlcn tc?Wl and sb Ltg index is

' put in the GEUF, and =Vf;ﬁ%~ s

AR (1ii) W , W' Endﬁw,_&fé nDiSyﬁin relation to w;-and'W ,' L

and SD th51r 1ndlces

EEE»put 1ﬂ tfe NBUF

At thls pa;nt theGBUF contains the indiceg of W and W , whlle the :

. - NEUF cantalns the 1nd1aes @f'w s Wh'and Ws.figuppgse Wl aﬁa;Wé are
1ndlcat1ve of- class ;L\ahd W 4 and W are ‘all 1nd1cative of claas o

‘g

;chji’ If nov the magn;tude of, Df calculatEd by uslng W ’ wh and WS o

gexceeds the_value ‘of the magnltude calculéted hy‘uslng Wi ani W2 in

et Gf s

”nd w are the"s

g@cdzkeywafaé Whic‘ pa;nﬁ to the carrect prlmary cl&ss I% thlB is

| the c&ge, then the 1ndicea of éhe words 1L the GBUF shaula e - ;'

1nterchanged w1th'thase in the NBUF;# To achleve this, at*every

]
stage When the number Gf wcr?s 1n the NBUF eguals that in the GBUF,

o, the Bayes;an d;stances af thé wards An- it are. galculated- If
e - of - o

unlque dlrectian 15 thaine# and if the magnitude eXGEEds the




f‘the'GBUF thénthe twabuffe% ' ged RN

P The caﬂcepts d;scussed Ain this sectlan have, been. Impléméﬂted

H LI §

V“,Vé_ “T R The flr 5t phase of the ¢ assiflcgtlon algorlthmﬁwhl:h QbLalnEF"
. . \: ;:! : 7 . . \ . . .
"a’priméfy elass f@r'a testwdacumsnt cantainsnseverai psrt 8, thé

- m@ﬁt 1mp@rtant of*which are thé pr;mary 213551flar,,the Bayéslan fi
: - .v‘ai i VB ’l e . 7
1se detectcri‘ In th,"

distanée cal&ul@tﬂzkand TEEEtlDQ_V&

- P .

A ﬁill briefly discﬁéé'th ese campgnentu ‘of the Elgorlthm. -The partiqn o

By

;;of the alg@rlthm WhlEh extracts keywcrds grom a dceument Will be '

descrlbed|far the ?aﬁe GE_Q@mpleteneEs_ A mor camprehensive
'de Ef%Ethn w111 be glven in Appendlx D A flowchart ‘of the‘-’f -

algarlthm is glven in Figure 6. 2

) - T A o
;.:L T 6 3 .1 The Keyward Extractgr ‘ﬁ' A ‘ =~1vA ;_gf’*vég

- T {i :  ;- Ihls portlan Df the algcrlthm reads cne keyward at 8 tyﬁe'
fr@m a: giVEﬂ %est dacument and stcres the falch1ng 1n aﬂ input
b ‘buifer;

o R é:véiﬁé'i,édrresﬁcﬂdifé_ﬁégthé_inaex of the.

. keyward reaﬁ : S |
] (11) the keyward* and * 7 S
(111) the Prababillty values asscgiated with the keywarda
&iizi _
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e % . B o “
.~ These '
E K Pl i B F
T repreaents the ;ndex of the keywérd Sﬂd 3 TEPTEEEﬁts R G
AT S %";'f L ' :
: N the 1ndex gf a categgry [ e 3; S ot
; R T - ! R f i E L _-j e ) . . K
R st B . ! o / : '

;ifS;BQEQThe Béyesiaﬁ.Distaﬁcé Cslcuiataf.f

i

of iﬁ'ices ST; Wthh LDmPrlsé Elther the

N B g
T : Key@p ds in the‘GBUF or’ thé set Df 1ﬁd§>’ f jl Eyvard -in the
'g. : . : -f' \ - / .

NBUF . Let thls set QT Eny g1v5n gtage beéh ;; ir},i;-’

ff fil,‘lg,';

l {

Then the Bayesian “E/jf ce calculataf gampufea the magnltudes and
de

O ﬂlrectlans of DB cénsi:'ring the keyrurds Wi i then W and wi >

b pil "

;5’-“;ﬂi ‘tﬁgh Wi 3.W}" and W ,ﬁahd.sé on. The magnltﬁdes and d;)
T - TR IR SRR
i e R - : St

: . o Mag(i ' j i: Mﬁg ”_,E);ﬁ -
e . B .,/1 . R _é. =
: I . ‘
are stored 1n an azray f@r ana1y51slbyi he, ﬁDlaékﬁetecth. e

'a.n@l;:’*:air(i" ;* ';Di:é(i,)' Dlﬂl )

W

"_]’: ;6-3;3,The7§§,s ,Dggggtar

. SO . . B :
s "~ Usin fhe array of magnitudes and direetlans calculated by

"aising pattern in the magﬂitudes If this is‘

.!‘- ’ : ', i . . £§ )
,aatlsfléd 1t checksu,afsee wbether the directians are ;ll the same,. nrf

Suppmse in" the array Df magnltudes end dl t ons anasor bath cf,":'”'f/
Y - 2 ‘ 2_13 o 'g‘ : )

EY

the fcllowzng twa chdltiDnE o éﬂ . , " : _

gy
ol

s ;?vi, (1) Mag( (1) < Mag (4 - 1) o
o) Dir( ) # Dir(1 -1 : R

-[;s detected, ﬁQen theAl th keyvsrd is 1dent1fled as a noisy keyvord. /

T e




E 3. 4 The Prlmary Classlf;er ST LT e e

A .
Theslnput tc thls sectlan of the aigarlthm consists of the L L
2 Coa

- 15 . 1 3{\ : L !.'- K R
; array of magnltudeq arid dlrectlcns aalculated by %he Bayes;an L

di tance calculatar ané the ;ndlces Qf the~nalsy keywards computed .

by the noise detector. The parémetera Q End S dlscussed earlier, , ' . {

}fi';Jf”gay§rﬂ the:@peratién of'this SECtan gf the algarithm- aTEe Erlmsfy
3 l - J N ) ‘
T GlaSalflér gerfcrms the félléWlng fUﬂctlans_ '

L (1) It 1Dade the set ST w1th a set of Q 1ndlces fram the Lf' ' ff”

GBUF and uses the Bayeslan dlSt&ﬂEE calcu;atag

=

f*"ta compute an array ‘of magﬂltgﬁag and‘dlrqulgnﬂr

=

) -g’i:

(ii) TH uses the noise detectér to 1dent1iy & nalsy keyword
in the'set cf'Q,keyW@rﬂs obtained fr@mﬂthe;GEUFlis

"'_(iii):If thE n01se detectcr 1dent1fles a(nalsy kengrd, it

- removeg the index Df this keywcrd from the GBUF and o ff\

i

! . . places 1t in the NEUF. It then usem the kengrd ;:f :A‘a'4

£

extraptar algarlthm ta cbtaln an additlanal keyward

&

. I h re is such a. keywc:d yés index is 1aadei int@ the
;GBUFi' If there are no mofe keywcrds in the document-"
§ - N a
]

. » S then it ;aentlfies the dccument as h21ng unalasgiflable._.

»Ti?) Each time the 1ndex of a-ﬁbrd is l@aiéd into the NBUF

1t checks tg see whether- the size af the NBUF equals

v,that of the GEUF; Ir 50, then it EhECkE to aee

S

3vhethe;;'based on fheranesian distance*values, the. : !i'

14-
e

cantenté of the NBUF should be'iﬁtérchange@ with thaaé
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' T _ ’
e:af_-the GBUF. .The gritericn which, governs Buch an
. y

' : (#) If @h%un‘:,e detector does not 1dent1fy a nolsy keyward ‘
Zin;%héiQﬁﬁeywafds pre sent in the GBUF the prlmary

'lélassifiéﬁ’checks tg see whetheraMEg(Q) S where S

%

] ' Valﬁé If g0, then the élaSE,
.vSlVEﬂ by Dlr(Q) is fﬁentlfled as the prlmary

A cla;s fbrvthe aacumant If Mag(Q) < g; then an s

e add;tlcnal keyward is. read.ivif‘thé aacuméﬁt iéés ﬂét»
E

'contaln sny mgre“kewcrila, the pr;ms.ry claasifier S’till

Eclassif;es gt1ntotheElhssg;venbyDlr(Q)butrecardsthe

h

' fact ths:t.the S valué was nat,sat;sfiecl ThlE is to. signlf‘y

ii'that the c_nf;dence in the pr ary clas cbtalned f@r

thlS dﬂcuméﬂt ie lessxth, hase Whlch have Satisfied

o

" the 8 thfeshald R '

:vaﬁ  ;,Th al r;thm has been unplemented to clasalfy appraximately

ot

fE@Q“aO§HEEﬂt ‘ccntalned i ;cne of the releases of thé qPIN data :

~ The fblipwlﬂg'sectlan_pr;sents the results that have Yes .

o the

.gabtalned. s

-

¥

6.4 Imgiggentatlcn of the Algarithm and Results of Experiméﬁts

“3Since each o:E‘ the SPIN (it:n:mnents has been preclassified by -

‘the . Amérl I ute of Physics (AIP), &an estimate of hcw wel]

This wab

=3




%ﬁ’ '
_ dlstance at the polnt mhen a dgcqment is a15551fled Tt represents

. The parameter Q represénts the number @f keywards aver which the.

o an551an dlstance has ta sat;sfy a man@tcnigally 1ncreasingrpat$érn -

“1-value of S 0. 9 "was used.  BEfoE discusslng the resultg of

| iétp

=”2;“3

that 51Ven by the AIF

.¢  s lented @ut 1n seetlan 5 3 “the algcrlthm hae two parameters

i

Q and S The parameter S denotes the flnal value Df the Baye

& measure cf canfldenee in the classiflcatlan that ;s Dbtalﬂéd.

Cow

\y'

&
i3

in the magnltuﬂe, whlle maintaining a ccnstént dlrectian. Initially

S was varled fram 0. 8 t@ 1. D fcr dlfferent values of @, viz., -

;Vand h In all these cases it was fgund that ifea " docunent,

€ oy

blsatisfled the Q threshold then the flnal value @f the Bayesian

dlgtance, i.ev, Mag(Q), always r251ded in the 1nterval 0.9 to. 1 D
Varlatlon of 'S, thereiare, did nat produce any slgnlficant chaﬂge

1n the resﬂlts and . heﬁce far all subsequEﬂt experimente a fixed - ﬁx

R

thése'exPEfiments furthérg several temmsiQEéd to be éefined;

L
D= ﬁumber @f iacuments carreetly class;fléd
fT;% tatal ﬁumber Gf da:uments in the data base> '~f:
v Exnumber of documents found unglassiflable
“Then : ff%
B >fAl>%aééﬁfacy %jef;thoée Qiaésified ?~f E'v'x 1Ddi '
Aé’=fa§erall aéégracy_ %*x 100. C gff

ThéAfirst,set-@f ex?eriﬁénté,c&nduefeé used a fixed value of

. ]
= . . . oo !

;:I_I;j{ ‘i  o, -Ii-atﬂ

S A 209
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"

s wa Fgrwval es ,f Q S ? and b the results are presented fn o
A : Table 5 1. As can be expected &n 1ncrease in @ results 1n higher-

Thls 13 becausé as Q 1ncreaﬂes m@re keywnrds are

. values fariAlr

examlned befcre h d@cumént 15 classlfled Thus for Q.= 2 @ﬂly twoi
I ; 1

‘3‘ - ga@d keywcrda are neédeé befgre a primary clas 15 1dent1f;ed.:,In' ';.'f

many cases thls mlght lead tc a prec;pitau%_dEGLSLGn. Kéywaris “?A -

o;currlng in’ thg rest Df the dacument may palnt to an entireiy

- -

dlfferent class Whlﬂhblﬂ maﬂy cases may be thé c@rrect class A@:
1ncrease 1n Q avalds such preclpltaus declslans and hence 1ncreases

the value of AlA o : B S g
'; H@wevera‘an'inergasé%iniQ:meaﬁs"a document, has to have a
 §£éater number*af géad'kéywczds in grier to be-cléssifiéa.f Few

-

dccumentg aré able £E\satlsfy thls mare stringent crlteri@n. Hence

;he_ngmbgrA@f unclass;f1e§ documents inq;eases and the valuewaf -

L
= =

overall ac;uraéy7(AE) decreases. '

‘*  Some @f the unclassified d@cuments‘ére such that they contain . °

&

,’aét Qf gaad keywards ind;cative Gf a unlque classi CThe?'are

L_-é

1dent1fied\as un215531flable by the alg@rithm because the number fv-Q o

of ga@d kengrds cantalned in tham is not hlgh encugﬁ to satisfy a 7'

o3 flxed Q threghald Therefare in the. next set of experlments, thé

: valug af Q was dynamlcally varied durlﬂg claqsificatian. Table 6 E

.

pre;enta the results of these experimenta. If a partlgular

-:\ dmtument de n@t satisfy a given D thresh@ld then thg Vulue Df Q ‘
i : . i ) o ;;_: .
waﬁ reduced by ane und the daeument vas recansiderad for a A‘“j

-7
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Sos - )

~~| NUMBER. | NUMBER | NUMBER | . -2 |
| OF | OF - OF . ACCURACY [ -
. DOCUMENTS - | DOCUMENTS | DOCUMENTS . - OVER . | .OVERALL
& | | CORRECTLY . | INCORRECTLY | FOUND UN- - THOSE ACCURACY
o ¢ | CLASSIFIED |CLASSIFIED | CLASSIFIABLE | CLASSIFIED| © ..
Q{ .D. | o (D+v) VoA AL

2| 36 | me | st % 73on | 6s.28
3] o - | o6 | 9t | 8wt | 69.7% |

Ao bl so b s |k [ essr | oeLts

. .‘“‘-.w
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_ Table.6.2

[ P

e

R 2

f

SR

é

T=5000

T

o

:P;im&ry Glaésigigatién with Dymamic.Q

SRS

| NUMBER ¢

DOCUMENTS
"CORRECTLY
CLASSIFIED:
D.

| huMBER

COF
DOCUMENTS
INCORRECTLY"
CLASSIFIED

. T~ (D+V)

| wuimER

-DOCUMENTS
FOUND ~ UN-
CLASSIFIABLE

| ACCURACY

' OVER -
THOSE

“A

&

- ;1'5

|t oveRaLL | -
ACCURACY. {.
CLASSIFILD | -~ o

o

{MSBQ'

 ;386 '
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Y 213531f;catlan under the f@llcwing c@ndltlons
L u. (;) the dacument has béen rgad entlrelyg and
*iii)bno nclsy keyward hag been 1dent;fied 1n the. ent;ré -

;~.dcgumgnt; :

e 311F§r eﬁsmplé; éﬁﬁpééelﬁhe sta%%ing~Valﬁe of Q;is thféeg-and a«testf :,' Loy

Tdacument EDDtalﬂS anly twa keywarig, b@th Df whlch are gcad keywards

& :x*’v'

-1@ félatian_ta each.otherj~;;e_ they are bath 1ndlcative Df GHE
'ciasé.g Then tﬁé value of Qlwculd be.reduced té two. Tha primary ; , s

:'213531fler wauld then attempt to ident;fy a pr;mary class for thc

' dgc¥ment baﬂed Gn these twa keyw@rdsi

<1

_pievlaﬁél;-unclasslfled dacuments are now c@rrectly clasgified
k_Theréfere,thé valQE«af.Qvergl; accurécyfiggreasési -Hgégver;;bEﬂgﬁse;“x
Df the redﬁctlén.ln Qs esbme éf thé_pféviagéi&;ﬁné%aésifiéd dDEgméﬁtS
:are now- 1ngarrect1y 213551f1ed Tieiefé?e,tﬁé}%éiuéféf;Al'tgﬁdéi's

-G

“to décrease.'

'6 5 Sgcania:y Glasglflcatlon :? o i:if-jr';~'f'”f o,
oo . . . . . ; - :x ( .
The dlscusalan 1n thls cgapter has dealt with the design and -

n]

lmplementatlcn Qf én algorlthm:ghichvﬁbtaing“priméryﬁclgéées;fér a;;

'get af dacuments. 'AgsEQtiDﬁ'éf:fhi% a1gDrithﬁ Sépér&tes{the:ﬁdisf.. -
“ 'keyw§r§s_erm>the,gédd iej;éréé;ih a‘gi#ég dacumeﬁt.b The ﬂalsy v;:x}_“:

-kéyhérdsiafe.ﬁﬁt in a éep&fa%erbﬁffer;galléa the ﬁEUF;- In effect

this means that at the end Df prlmary Clagsiflcﬂtlﬁn twc dlfferent b e

o s

L ;-graupa af'keyWﬁ?ds;&?E Dbt&iﬂéd-i’ThE ﬁGDd kLyWde ?TQUP iﬂ'}fsz e
: T ' ‘ o S dpe




%

:;ana;yzed to Dbtaln 2 pr;mary class. . But c:sw- a’b:»ut the group of
kemrds tha.t have been taggeﬂ as HQISY‘?' Ii‘ t}us c::n‘tents of a
d@cument are such ‘that a secc!nclary cls.ss could 1:& lﬂentlfled then

i .o B

it 1.:. véry llkely that the E’,'EcE:;yvt:srds tlla;t hani‘ heen ;Lsolated as ' )

\v.‘i

: ._.,.1xnc‘:)isy may a\:-tually be md:.t:atj_ve Qf such ) c.l ss ;f‘ thls 1s the o ‘;. ».

i !
= . e NI e

ca.se, th&n the \mrds in. the’NBUF cz:uli ’I::e anslyged to obta.ln a _g )

: P@ss;ble Eeaondary c:lass The next t:h,a.pter afﬁfés_ses 1tself to .

this pra‘blem and Dutllnes an’ E.lg(jl"lthm fo:r Dbtamlng Asecondary

£l

_Ela'as:,flcatlan [ A N

o

¥t

v




~f'éf classific ataon algcr;thm based on. the Bayaé

: . CHAPTER VIT

.. A TECHNIQUE FOR.SECONDARY CLASSYFICATION, ,. 5:'*1., -

LT e L Y

The prev1ous chapter has dealt w;th the des;gn and implementatian
.
1an_dlgtaﬂze measure..

i 'I‘his a.lgorlthm classiiiee & ﬂacument 1nt® EL class wh ich denoted

as the;prlmary e;assg- B s;dea*abtalnlng a prlmary clags, an addei

& -

~7fea£ﬁre‘af this'technique ;5 hat it. effects a- eparéti@ﬁ of the gaad

i

keywords and the nalsy keywards 1nto two differeht gtéupéi At the

end Qf the prlmary cla551f;catlon the n01sy kéywords are ccntalned 1n i:

the no;sy keyword buffer (NEUF) These w0rda may ba:unrelated ta '

each other in- that they mlght not lent to. any one" c;aas_:

form‘a gohgr“'r c;uster in suéh a-way thatAbEtWEEH them”théy are

:Thls ehapter addre 55 1tself,to the dEElgn of a methoﬁ that will

analyze the w0rds in the NBUF to. explare the PDSSlblllty af claSSlfylng‘f:ﬁ‘%

A

R ' - R 7115},A‘ , .':v : ':_§3¥x.




The values of the magnitudes and directicns cf the ane ien

irice" are successively calculated using wércls W .then W and

ﬂ

. ‘ : - 4 s
and a monoton;cally lncrea51ng pattern 3n the magnltud is thaiﬁ d,

i

. AS in the primary clag51ficatlan algarlthm the number Df keyworda C

_over which a monotonlcally 1ncr5551ﬂg pattern has to .be éaﬁlsfied iS_‘

[

dénpted ’byQ;’ -If the -m_);se dgtectar detects one of the f 1low ,ﬂg

s;tuat;@ns o T A
;; ;‘A>fi?(i1'ﬂég(i‘a ll‘;rMaggi}; lér‘
y ( ) Dir(l -1). # Dir(i ),

héﬁ thé“l th keyward in the NBUF is con51dered to be noisy with'

: respééigs to +the i -1 keﬁroras ‘preg”eding ;t, Th,é mdex of t.hlg key'ward‘~ ’

’Dir(i)representthémagnitudéanddirectian o

gg the first 1 keywr;rds j‘n the NELTF- : Fc:;:. o
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~ e } o RN
' is then removed from the. NBU '
_referred to as MBUE, The Bayesian distance is agein computed. for v _
L o : i »-’[ . T s - - . FE "_ Coa E £,
the remaining words in the NBUF to.chéck whether there are any more.,.

 ‘2£ keyworﬂs wh;éh are all good with regpect ta'each Dther 1n that ’.t ?;E_§{f 

they are. all ﬁdlgati Qf cné class; Let these: be denated by

‘?v

- Y W .

‘ fkeywords rema;nlng 1n 1t ﬁay nét be suff;clent t@ satlafy the
thresh@ldi- Under such clngumstances, this technlque wguld not attempt
to thain 8 se¢ondary classéi This’m;ght be-very restrictive- .Dne

3 %ay t@ clrcumvent thlE prcblem wauld be ta EElEQtiVély chaase keywarda .

e é@@d keyward buffer to. carrobarate the 1nf§rmaticn ohtainéd

'si_%fé th

&

from ana;y21ﬁg the wgrds in the NBUF The nextv%ectién outlines a ' .o

methacl fqr dmng thls.

N , .
T T.2 Analysls af the Words in- the Good Buffer

 Let: us ‘assume . that the keywcrds in the NBUF da nct satiafy the:
Q thréshcld but yield a constant direction and & manaténically

;Lneréasing pat_tern in the '_DB_.rr;gg_nitudei If thiu f_ixed dirf_ctign iar' ;

P




} . ‘ '
= . B . . . e{ . } .
.. : », : |
- stored in a matrlx as shawn in Flgure T, l Columﬂ j iﬂ thia*matrlxw, v
' canta;ns the pr0bablllty values earresPanding ta c;ass Cj;ibAnj
g keyWOrd Whlch mlght be ﬁseé‘ta:prav;de ;nformatlon abgut class CJ :
RS :
.Ehgrefargvany keywcrd whlch_has a ﬁQﬁﬁdEfEult prcbablllty value in ;

~+ column J is isolated from this matrix. Such‘a'keyvard will have -

-._: ‘ [P:L:f-s -P!’J*“.:‘V’“’ij" e Pt] L
. - . . - . con T

jjwhere‘pj is:gréatézkthan"théidefault.va;uei Since this keyword is

‘& good keywoid, for the primery cless, p; s alsc' greater than the -

¥

>'déf§ult valuem Eet the Eét ‘of these keywards be denated by 'j" .

~

Wid ceas w } Each’ Df these Reywcrds 15“13di;2tivé of f

: however each Qf these keywords isa - A4

éiklgood keyward for ﬁhe Pt 1mary class, in general the prcbabllity o o PR
camp@nent Py shguld ba greater than the pj’companent- ‘That is, ali
these keywcrds aretprobably*ﬁbre 1ndlcatmve Ef cl sgiﬂi than_éf B *ééif"

~elass,cj, A measure of how étrongly indicatlve they de of class - . ...
o d : o S o i

"Cj can be thalneg as ,11"'

Wlthaut ngs Df generali',‘




o

- SECONDARY -
CLASS -

!

5

BUF and- their -Associated
gétors o '

E 54‘.




. . = . s
3

,gagggga”fhé o values, can be c@mputgd by equatlon (7

S

é : £ . : = N .

'Slnce thls is a good kengrd for class G , al is.a maximumfcf tPQ

fnent to ¢lass

S aj values. A meagure Gf how gtrangly W relatea tﬁe doc

‘ Cj can be obtained: by camputlng the rat;c XT where v

= s : a’? P' 1

- . 1 1 ’
v; ;Eq ' ‘
Thus whlle chocs;ng keywards f?ém G to corrqbarata h rmatlon -
A

= V"_ *
g given by the keywards in the;NBUF this ratia may e compared with 8

5

preset threshold S A keyward is chosen only if the ccrréspon&ing

The parameter 3 mgy be »aried to extract

=rat1@ XT exceeds S

T’ T

. kengrds from G very gelectlvely ;n that if ET is increased the

:)1¥ 'keywardE that;are chosen wil; he more highly.lndicative ‘of clgsg Gj;-'

e

- For a g;Van ,la Slflcatlgn experiment ST is fixed at a, cer vglue.

y E,!i.., W‘} be the aet
‘-T thréshold. 'G' is then merged wifth the set N' (see sechion™
‘7 L) of keywords present in the NEUF Since the prlmary*claES»Gi

Zalready been chasen, the ith proba ;l;ty ccmponent cf all thése

keywords is set to the default v4 1f there are'at least’ q

# Tk

“Vvkeywerdé in the mergei Et G'UN\t then the 1ndiceé cf“these keywards
1ﬁreilgaded 3nto the NEUF and the pracedure cutlined in”séétign T,in"

is repeatvd to’ determlne whether Cj can be:éhﬂs'n;as & Eécéﬂdgry

W
Lo



 7P3 Resuifs of Expérimgnié'

Zlbuffer after ‘the primary class haﬂ been Obtalnéd. The methad has

exist. T ' -

121 -

- B &
/ oo L.

‘class. If not, then it is assumed that a secondary class does not -

;Ihé first set of experimEﬁts eandueﬁéd t@ Dﬁtaih'sééondarﬁ

:l,s ;flcatlan conggntrated exclusivély on. the wcrds in’ the nglsy

‘been DutllE d’i ectlaﬂ 7i1.- Initially,the c@nditians impcséd for

. secandary Ela gification w&re as str;ngent as thmss for the primary _ 

*Ease, ] e., a value of 'S D 9 and QE; 3 ‘was used .Ehefigsults,

shown in Table T’l, 1ndlcate that very few decuments were cl&ssif;ed
.
in 4 secandgry class. A :Eiuegign of Q frém;three‘tc twOesubstan-

R e _ c ' . i 1 Co ; o —
- tially increased this number. Some of the documents thatiWErE“

class;fled by the algarithm were also=5551gned a Eecanaary class by

the AIP Table T 1 lndicajes that a;l af these dacuments were

assigned the carrecf.seEOﬂdaryﬁgia, the algcr;thm. ’

In arder to increase the number gf décuments which Qou;% be

classlfled 1ﬁ a secendary class by the algorithm a sécand .set af'

_expériments was ecnducted by c@mblnlng the words in -the NBUF.Wlth

selected words frém thé_GEUF.: A method for dbing this was &iécusaed:

in sécﬁion T.2. If the NBUF did’ n@t have enough keyvsrdq tD Eatisfy

a threshold Gf Q 3 then Q was reduced tq two by the methmd dlacu%aed

in Sectian 6.4. Table 7 presents the reaults Dbtained by varying

3

the paraméterléf from G"to 0.8. As tﬁe value. of- S, iﬂcreases, fever =

T S o >t Py

décﬁments are classified into a seé%ndary clasa»bjrthg algcrithm;
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J_ o T o o :¥!$f;
Table T. 1 Secandary Class;flcat;@n Eglng ,
- Wards ‘in NEUF T o ..

NUmber of QPIN aacuments cl&sélfied 1n a seccndary :
class by the Amer;can Tnstltute of Phys;gs (AIP) lDl

-(—5

R NUMBER - -“NUMEER A
e '“4kCLASSIFILD CLASSIFIED NUMBER .
3 . |'BY BY | CORRECTLY

", |9 | ALGORITHM | A.I.P. . CLASSIFIED .

2 18 | 10| - 10-

-

Tab;e T 2 Secandary Classiflcatlan Using - .: ) L
P Wards in NBUF gnd GBUF _ : oo s N

— — — — (- - —

" NUMBER .| NUMBER o .
%&SSIFIED CLASSIFIED | . - NUMBER

" BY . CORRECTLY
“AL.GORITHM _ ] A.I.B. __CLASSIFIED

211 | kg 1o

W o | | LY 49

ur | 30




This'is beéaﬁéé as‘éi is'inereasedr keyﬁards:that-are éxtfaﬂted ffﬁm'

the GBUF have to be mare 1ﬂﬂlcat1VE of only thE pcten, a; seccndary

:class in Grder ta be acceptéd far EGnElﬂErathn SiﬂEE féWéra

'keyw@rds can satlsfy the ST thresha;d there exist & smaller number
SRR B

 @£ d@cuments havlng an adequate number of keywarda ta satisfy th

ﬁ,,

gthreshald. ’qte that“iahlés T;lvgnd'f;j do nc
ElaSSlflE&tan accuraey as 1n the case Df Prlmary cla551f’ atiqnyi_'
-This is because determlnatlgn af accuracy for seconﬂary classlflcatlan

Rl _515 not as straightfarwazdas it vas in_the case of pr;mary clagsifi-- -

cation. This problem is diségssed fn the néxﬁ section.

£ &

7.4 Validetion of Results Obtai ?;I the Secondary Classification
. Algorithm _ » . SR ' . ‘. CoL

vln'ofder'ta»gvaluatézthe performance of the-seéagdafy classifi-

VQatiéﬂvaléorithm, it is necéssary ta'éémparé the reSultggébtuiﬁé§?§
with £h05€ given by a standard classlficat;gn scﬁemé._ In the cgse
Df prlmary Cl&SSlflE&tan this was dcne by camparlng the results w;th
the claéaea given by the Amerlean_Instituts of Physics (Aif)i uIn .

‘fvthe case Df sec@ﬁdary-claSEificatiDﬁ this.haﬂ not been péssiblé’

beeause AIP has class;fied cnly 103 of the 5OD SPIN dccuments inta

e . 8 sec ,ndaxy clasg In many cases the Bayealan distance a;ggrithm .

m‘

g a secgndary clgss_té;éfléfger numﬁer’éf dacumeﬁts. The

‘situatiqn.caﬁ béjbéét depicté&lby a Venn éiagram shiown in Pigure T.2, 7

-fvhére:Da represents the set of documents for which a secondary class

.has been assigned by the AIP,‘and D, represents the et of documents
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far whlch a seecndary class %j

f,'d;stﬁ%ge:algcrithm-
. 13('1, - Es .

~'have bééﬁ*assignéa.

';s stralghtfarward

Far the set af dacuments Q b’~

_een 5551gned by the Bayesian

E s thase that

f %gcéndary glass by bgth schemes,'camparlsﬂn .

'gugh a camparlsOﬂ can be faund in the th;rd

, tﬁése two éetszéah be c@mpared

talned,far-dacuments lg;ng 1n-thé*nan—1n

tafﬁe examlned framia d;fferent viewpglnt.

secticn regions Df

%@

Fcr this purp@se thé rEaultE need

The fallawing two

5%xperlments have been cénducted to compare the elassific&ticns-

Experiment l

(1) The dccument sets D, and D, ‘are llStEd al@ng‘Wlth

 .7 L
T
Dg'fffgrimary secondary.
. class class
g1 Cin s
d C, o,
an -in ~Jn

'lists_L and‘LE ‘below.

‘b .

thair Prlmary and. secandary classes as shawn in T o

- -.Léf' | |
D, primery secondary
b o : o
. classg class
dbl:_ ?p% GqE
T il
- bm pm gm




f o - [

v : o AR e T
;Tar each class palr (Ej,c ), the EEt Df dacuments e

T“that have been ass;gned to bgth these classes is

bta;néd fr@m list L Eased on, the keywards ‘ :
'cgntalned in these déguments,'a stan&ard class o

¢orrelation metrix, Sy

u

's-computei~as,féil§wsg

' N. = total number of different-keywords

N " contairied .in documents assigned to
= total number of different keywprdgfi

3
1]

[

" contained in documents assigned to . .

 ?1§5$ c,
€ T

O l\Lij = total number Qf-dlfferent keywards T

®

. . both ClaSSES Girand-Cj | -* ST

(iii) The procedure Qﬁtliné§5iﬁ (ii) is repgatéi_faf
1ist L, fram:which'é QQI?elatiég’matrii 8, is .

. e thainea;

_ Bince S is the class correlatlcn matrix abtalned frem the AIP .

ElaESlleEtan and é is obtained from the results given by the

R

BayESLEn dlgtance algarlthm, 8 campar;sq :f the’ twa matrices Ehauli o

S N . . g : -
2 . . . . E : e

]
*
L

e




':_vd fferenee between the me&rleee S end S

?nete that S end S are eymmetrle metrleeeia~

T l b ’ _
£ ,T_ET (3 [S (l :_n) -8, (1 ;m °l..,
L 3 3
. '.§* = 1—1 j 1+l -
b ' " -
‘The sm eller the velue of the mean equare difference the‘mere,”l
-g equ’i 1 l be the metrlcee S end S . Henee the twe eleeeifi,

ﬁill be more =5

. o h .
- e ] .
g , ‘ , T o
. 1 i . . s N N
;f N
l%g;ﬁe an 1nd;eetlon ef hOW'we;l the Beyeelen dietenee cleee;ﬁ;e T?_ S

'7'.hee performed;§ Th;e eomperleen is done by eemputlng the meen equeresﬁv -

Sy u51ng equatlen (7;4); __e_' )

I

-

llerate;eeeh ether.

i

The problem now is to relete the mean eqpare dlfferenee betveen L

| | o y A &
ebtalned by eemperlng the cleee 1nd;eeted1:,,he Beyeelen d;eteﬂee Lo

.method w1th thet eee;gned by the AIP fer eeeh deeument Thie

L '(gee Teblee 6 1 anf 6. 2: of the previoue ehepter), ebtein‘the cleee

\!

;nfermetleg cen be-ueedxtg relate meen'equere;dlffereneevte e;eEEif;§- ;;;

YA

- .eeﬁioﬁ eeeﬁ:eéy‘in'the feilewihg'wey L

Fcr eaeh ef the exper;mentg eoﬂducted ferfprlmary cleeeifieetien

'_eorrelexlon metrlx'SB. Then eompute the mean equere dlfferenee :

: ?between S and 8., Let the:eengef§§ verletien of ‘the mean eguare -

aecureey fof theee experimente be A te A : Then 1t ie eenreetured .
e ﬁﬁet'fer u given SLCGnﬂﬂry ci&eeificetien thuined hy tlie. Beyeeian..:i

‘*dieteﬁee algor;thm, if ‘the mean Equare differene; betwaenfSé

Lo L

B’

dlffereneee be N to N Let the range Df veriatlen Df eleee;fieetlon" cw

& a . . . =




LI <

- claséifiéatién abtalned for valuea af S

:llés w1th1n the range N and N then the 213951flcat1an accuracy

1%

:a;sc lies ;pprax1mately ﬁ;thln the range Al and Ay.~. f,a‘

2.

.Tbefmean Square dlffarencés far Each Qf the secandary

==

T

.'51VEﬂ ln Table T 3 S;mllar;y thé mean aqu re dlfferEnces far .

A . -

’faEt af fcur prlmary c15551f;caticn éxperiments w1th knawn accuraﬁy

of class;flgatlon is g;ven in Table 7 h Frgm Table T k- we gee

7the clas 1flcatlan accuracy décreases the ‘mean square}~

e “

'“v-difference 1ncreases, ranglng fram 0. 00352 tc €VDDQEO Frcm'
2

'A accuracy for thig run is prabably less than 60% Ea valldate these -

Table T.3-4t 13 seen that fcr values Df ST ;

Wi
3

fsquare'dlfferences fgr secandary ela551ficat1@n lie withln thlE L

\ 5

“range.: It 15 therefare Q@n ectured that fhe classificatian accuzagy"

%Athe range Q§90352 to 0. DDQSD. It is therefarefccn'ecﬁured that the

b - )

i

. canjectures, anﬁther Experiment was candugted 1nvglv1ﬁg manual

£y . "
- .

' Experimént 2 .

: Twe ;nd;v;duals well vezsed in the aregﬁff phy51cs were asked o

ta read eaeh af the 500 dacuments in the SPIN data baae.  They waré

'7yrapgrlsed cf the: primary class assignea by the AIP in eaeh case- “They
-WEIE asked tc asslgn a secgndary Ql%?% whengver they felt that such

":_an asslgﬂm&ﬂt wauld he apprcprlaté. The results gbtalned for eagh of

=i

| 153t3{-; L
¥ oo .x L

= 0, 0. g 0.5 and D B ;s o

0.5, O 8 the meanl‘f

LR

L OUE
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Table 7.3 Mean Squaere Difference of .
Secondary Classification

[

. Ug . MEAN SQUARE DIFFERENCE

e BETWEEN S AND S K

0.0-. 0 01100 ‘%?_v
0.2 0.00711

0.5. 0.00k77

0.8 . 0 66373 .

Table 7. A ‘ﬁean Squ&re D;fference for
' Prlmary Classiflcatlan

%

RUN
NO.

CLASSIFICATION ;

ACCURACY

'»MEAN SQUARE DIFF ERENCE
EEIHEEN,

51 T%
‘69 7
T7.9%
19:19

\\%\ V0900950v7 !

T 0.00669
0.00475

0.00352




.

their 215551fiéat1ﬂ uéiﬁgtc Qetermlne lEESEficatlén accuragy.

_'ClaSSiflcatlgn aé¢curacy was|then gamputed

SRR LR T B = 13

'{Ethe secondary cl&ss;f;caﬁ;on experiments WEre then ccmpared with

#

. A dacument was, cans;dered to be carrectly elassified_in a seccﬂiarj »

class 1f thls class matched that assigned by;éifhéribf'ﬁhe two -

: ind-,iiual! Otherwise it was ccns;dered to be iﬂgérrec tly clas lfiéis"

B L - & .

o]

asifq%;owé, .

o 7 Di_=vnumber f aacﬁments classified by the algorithm.

D= ngmﬁéf Gf dacuments7cazrectly classified.

M

" Then _ .
& Dy \
Accuracy avﬁ—- IDD .
. The results aré shown in Table T7.5.
L e Tl e
7,1 Table 7.5 Aécﬁragwaései én‘Manﬁal Classifigation

= : - . it

. TOTAL .. 'NUMBER OF

¢ NUMBER OF. DOCUMENTS

: . DOCUMENTS| . CORRECTLY L
T » CLASSIFIED - =~ CLASSIFIED | "ACCURACY

| 0 T " ;"VE;ff;.Qa S 46,44 -
Moz 13 a; ;E?*f B NV
Alos ot N R I
N T R .

*j



. Ihése=resu1ﬁs cggfab@rate the" cgnjectureg'af Experlment fa;rly
.. _: 1‘?3
f'wellg It is seen’ that far the*values Df S

0. Er 0.5 and 0.8, the
J'classiflcatlan accuzacy is= better than 607 Far S 0, thé accuracy L

1E substaﬂtlally ;owar as had been, predlcted by Experlment ;. e

* :
] -

'The res u;ts cf the abavé experiments‘ghgw that the Bayesian-

. dlstange technlque can 1ndeed be used Effectlvely for secondary

5
.

:1&551flcat1@n au'well as far pr;mary claESLf;catlan. . c

$




| CHAPTER VIII.

. ,:u.

e CDNCLUSIDNS AND“UTURE RESEARCH

kN

" This research hus concentrated on the .design of an efficient

method .for automatic sequentisl classification of documents. It has

‘Eéeﬂ‘painted;éﬁ;fthat one of the main advantagés of suehiéi#éﬂhﬂiqueufﬁfﬁfLé’-
is.théf a document need ﬁat:be'eiamihed'in its entifety before a

‘decision regardlﬁg it elass membership can be made.

The basls af the research has been a seguentlal cLasslficatlan_

-alg@rlthm develaged by Frled and 1mplemented for various data base

by Whlte and caworkers. In thlE technlgue keywards are- egtragted

%b:jg sequentlally fram a dacumEﬂt and at EEEh gtage a statistical L
‘ 'predlctlcn teghnlque is used to dgtermine whather or: not thé |
;dscgmept can‘be classified. If nat, thenfthévdcgument is examinéd
-,fﬁi@hei - The prDCEEa is cant;nued untll ,'ésfinitg decision can.
be reacﬁea— It has ‘been’ shown that thls h&sie sééuéntia; ﬁéé@ﬁiquél;
1.;. \mlnera.ble to the Dccurrence of n01sy Ee&wordsvami iS‘ not |

SQPhlSt;QEtEd enaugh to 885 ign a- dacument t@ mDre than one claas

,systematlcally.> Theref@re the maj@r part af thlS research has cies.lti=
. .vith the develupment of a modified seguentlal algorlthm ‘which is
% .EblE tc isclate nolsy keywords dur;ng Cl&EElflEatiQn and ta identlfy P
;luate;s gf,slmilar heywerdE! Theae,keyvord clustéra gre thgnf | g
 fii3?ff
) oL
f 140




» analyzed 52parate1y to abta;n prlmary and secondary Qlasses.for a "
:document. | | | N |
- The b’éis of the moalfieé ;3quént;al teghnlqueiis a. !
ﬁémeﬁ;;ona; vectgr‘apace.representat;on Df the keywards c@ntalﬂed
‘in a documEnt.- lt has “been shawn that ‘using. such a representatian
£he rElEtlDﬂahlP betwaen the keywcrds can be GngrVEd very gysteﬁ—‘&

L E "

1d15tance measure, %alledgthe an8glan dl tance, Qon51sts of twa"{”“

v:'*componentg, a magnltude and. ‘lectlon Thls regear2h has shown,
"“both experlmentally and mathematlcally, that when a series. of

=

L l;eywards3 all Df which are ind;cat1Ve Df a unlque claes, is praceased

>.Zthe magnltude of the Bayeglan d;s%ance lncreaaes ﬁ@notonlcally and

the diregtian remgins c@nstant~ If howaver a n01gy keywcrd Dccur;,

'thE'magnitude decreaées or the‘dlrectlon changes Thls lnterésting_:
phenomenon has been utilized to effec lvely separate the kengrds
':conta;ned in a doaument 1nto twc graups-—tha goad keywords and thé

nalsy kengrds. The_g@@d keywords, all Qf Whlch are ;n general
| E {

lndlcative of a uﬂique'elaés are then analyzed tg 1dent1fy a

B

~1;pr1mary class fér the dccument Eptlhcw about the group of-nolsy

keywords?

This rese arch has shawn that the noisy heyvbrdsg which were
1dent1fled as be;ng nalsy with respect tD'the;primaryvélasé,fgan"ﬁe

utilized to expl@re the passibillty of .a ,ssignlnb a szcondary c%§sg' N
‘4
to the document.’ The nalsy'keywords are analyzed using tha Bayegian

141




s

: ﬁ:ﬂ, : Stance measure to ascertain whether they relate the chumEnt to’
‘an addltlanal class.' If this is so then this add;t;anal elass is"

.1dent1fled as the seccndary class.

Results th&ined\by appiying th;s autamatlc sequentlal aigcrithm.

cn -8 partlag Qf the SPIN ‘data e have shQWﬁ that the technlque can
be qulte SHCQESaful ln 1dént1fying prlmary and secgndary classes far

a document An aecuracy Df abaut SO? has been thalned far Pr;mary -
. 215551f1cat10ni FDr seegndary class;flcat;on the agcur A has been
; A

”better than_ED% Experlmental ev1ience Dbt&lnEd by u51ng class - .

carre;atlon technlques and manual meth@ds of claaslf;catlan has

'>eorr©boratei-thls*resultg CDnEldering the fact that the SEIN data -

ol A

w 5533 cantalns Dﬂly abstractslnnstaf which have a very llmited
number Df keyWQrds, these résults aPPear to be gulte Encéuraglng, 
It is expeeted that 1f full dccuments had been used iﬂstead of

- abstracts, then ‘the aeeondary classlfier would be. able- tQ examlné
a subgtantlally greater nﬂmber of keywards bef@re ass;gning
secandary ciassé%? and hEnce wauld pr@bably yléld better results.

. Beveral- related aréas Qf research can be 1dént1f;ed at this_?
Stége— In the area Df autcmatlc dﬁcument claés;ficatlan the
prablem of keywérd selectlan is gf paraméuﬁ£ lmpartance Manual .
an& sem1=autcmatlc meth@dé have generally beén usad tD select

?% o geywarig fﬂ: a,g;ven data base. It wou;dabe very advantageaug if

theié were an aptomé%i; metEQa’that could iﬂentify bad or inappro-

» priafé‘keywc:ds in a set which is . initially chésen maﬂually or

®
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LR | T e i_?‘ : - : - e 3 135"

semiﬁautdmatiéally; We have.EEQWn that the Bayesiaﬁ distance

-i' B

lkej&orég in a d@cument durlng Cl&SSlflcathn Scme of theae nois yf~f
QA'”'ﬁ keywardg are eventually uaeﬂ to Dbtaln a secandary class. Howevér'
those that do not glve any 1nf§rmatlon about 21tﬁer & primary Cl&EEZVt
: Df a seccndary clé s can be 1salated a? bad kengrds and ellminated
‘from the orlglnal list of keywords, H ope f lly this would regult
;ﬂ-ln a kengrd set WthH‘ é more reprege tatlve Df the data base
- Another 1nterest1ng prablem would be to gtﬁdy the effect of
‘the order 1n whlch the keywardﬁ are processed - to cbtaln prlmary ‘and
.:eeéandéfy 215531flcat1@n It hgs beenﬂshuwn in thgs'fésearch:that:

if all the keywords extracted frcmfa,dogument,éfe indieative;of~a

unique class, then the order in which they are processed does not
_matter. However; if noisy keywérds are-preSent in a dbcument,‘then

L .

detrlmental effects on the flnal dEElSlGn This éspect HEEdS:
- further development and better«mathematlcal characterlzatian l;
| Flnally; a h, d ﬁroblem, whlch is much broader in scape
. Avcaﬂ be ldentlfled It;WEE?POlDtEﬂ out in the lnpr@ductian Fhat
the main pu:pose of agtcmatie é@éumen; élaséification is té aid'thé
'.pf@cess of iﬁfofmalioﬁ'réffieval ffam é &até'basel .HDw éahftﬁgf
Bayeéian distance gééhnique be utilized éof thiS'pﬁrpasé? If the X

user guerles could also be prceessed by means Df this technlque to

cbtaln an 1nd1cat10n of the various aubject areal whlch might be




" relevant, then the classification and retrieval aspects of an

Ea

information system could be intééfstei; "Sincé;;ﬁawever,~gueri§s -

are;muchﬁgh@rterfin—leﬂgtg,;hgn documents or ebstracts, the

-anesian-ﬁistaneeltéchnique would probably have to be modified

considerably in order that the queries may be analyzed effectively

£o achievy desirable retrieval performance.

1
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APPENDIX A

BAYESTAN DISTANCE AND CLASSIFICATION ERROR

'In Chepter IV it was shown that for a two class problem the

megnitude of the Bayesian ﬂistéﬁce:fcrms‘a tight upper béuﬂd én’thé

él&%éifiéati@ﬁ érfDr— in thlS appendix it will be ‘shown that as

'the number af classea ;ncreases, the quality Df the Ba, y551ah

:.dlstange as an;appraximating fun;tian,tg.the c;asslficaticn‘errér

T daes not degrade very much.

Theorem:

A Fcf:an t-class pfablém after an observation v, 1.e.

 ‘keywords have been read, the upper bound on classification erfor

¥

Prs givenfoAls%Mgg(i),fdQes not exceed ‘the vaiueA§f~PE;by more than

[max{p((l‘r/y)}] o L [P(C-S/Y)JE§ t)?t l ,

er : . 8l

‘ Frﬁgfz

\H

oo

ct*
:)

[max{p(c /y)}]

' rEI



5lnequal1t' 's tlsfied far the minimum value Df

. [p(C /y)] then the thecrem is prcven.: With@ut.l@ss of
rel _ L

-:gegerality let us asSumE' a

L E g o p(C /Y)

Theh the minimum of ¥ [p(c /y)] is achlgved when the o

, : rel :
remaining & posteriori probabilities are egual, ie., When1? .
L dep S
P(Cr/y),;-i;% » T = 253; "f!.i:.ti . : L E,_‘_J
Therefore, ‘ '

nex{p(C_ VI [n(c /y)1?
rel = . o osel '

o 12 4y . (l=py2
Pl eon) s )

1
o
|
e
1
[
i
o
+
o]
i
et
in]
ct
1
[

I
O

Q achieves its maximum for some p; therefore tdking the

’aerifative of Q with respect to p and setting it equul to zero,

"we have

- or’

13

\
b

71138‘Z%Sé~



Since'q is equal to this in the worst case, in general therefore . -

~Essent;ally, this thearem says that as the number Df classes

'e;ncrEES: the upper baund appr@aches a cﬂnstant value. In terms
of decument claSSIflcatlon thls themrem gt;pulates that the higher -
‘the flnal value af thg Bayes;an distange at: the time- Df ;lasgifi—

Qatlan the more prcbable it is that thF document w l be c@rrectly’~

'315551£12d = ’//



* BAYESIAN DISTANCE AND «, VALUES

" In-Chapter IV it was claimed that if wezhavé a set Qf-ag-'
o o ' : . o Lo
values S

' sugh:that‘ o S T {. : V,vx'A 5

- and |

!Ii = i-lﬂ.’ i

then éﬁrinéréase in ai Wil;:iﬂcrease'thE“magnitude Qf the Bayegian'

diétance. In thls appendlx thlg’clalm w1ll be valldated

s

Let Ml be the. D magnltude abta;ned fr@m [a . QEQ'QQ_S aij;

1

Since o, = G, .,
. T 71 Ti+l?

(1 ul),
_t-sl

- (a)'

o

: 148

Ml=Z CHE 1)

Rt LN

1= Efta taalg;ve éan.wfite equat%Enx(Bgl)iag. o



Let

.. then -
y.axgpéﬁfifi § we. have the new set of
 . .

Ncw?-lf,al;

1]
—— o
LR

‘is inérease

 33 values . _
o : [‘113 Gg:.
3 g1+6ﬁ. .

set Qf o valués Wlll be a mln;mum if the aé

J. ‘
equal‘ Then - the anlmum va;ue of M2 is given by
LS 'vg?'v--

o Mg = ey

sb):" 

Theréf@rég _ o _
My =ty =

The value Gf the ‘new D magn;tude Mg, calgulated by uslng thlE
thraugh a%‘are all’

T



.1
Ml

it is triesthat R
LRy, g’-‘}ﬁ“{A L - -

Thé.refére : ; . 3 R | ‘ o ‘
RS e A ,Mg,ﬁgl- Q A AR
H MY B L . : S R ) ' L e

e

~ A"‘Sihcéfthé~ﬁiniﬁum'vaiue?;f M, has been éhéwﬁﬁﬁc‘bé:gréétér‘théh o

oL M the:clgiﬁAhas.beégAvalidatéd_V T Cohen

R ' P ) )

Srm

' S A Lo .

ERIC

Aruitoxt provided by Eic:
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APPENDIX C

=7 i ) o *

* BAYESIAN DISTANCE AND KEYWORD VECTORS

7 Tn this aPthdlx, Theﬂrem 5 E gtatea and d;scussed Ln -

Chapter 4 w;ll be praven;_

Theorem 5.2: Given two keywaras ' o o L s iij

‘RJ: (gl, qg, ;3) where Q> 2z ?ﬁ SR
o ﬁfggg o PR . 3. .
;et ML be- the magnltude of thg anes;an dlstance ealculated us;ng

ky, and My be the magnitude ca,.Lculated u,—_-lf:lg k, s,na Ky Then

Mi‘s My, 1.35, __
N o

. (C 1 .’

Proof: Expanding the left hand side of the: 1nequality (C 1) we have
S e ;SEV*&,E 5 R |

_ - o, (e.2)
DR T L PR ST TY AR e ~
Assume théﬁ'éhé values.of Pl’ Py and pB are fixed If it can B a

’ ;'be-shcﬁn that the minimﬁﬁ‘value of F gbtained by varying ql, qa and
LQB under the glven eanatrﬂtfts is gre&ter than or equal t@ the right

143
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Fo
o

o hangSiaevaf (c. l) then the 1ﬂaqua11ty is praven : Taqug the

: / . B
partlal derlvat;ves af F wlth respect tg ql, qg and qB, glmpllfylng :u";

: -and settlng ta zero we tha;n

=

" %ﬁ ngg(pl L pgqg) + 93q (glq PBQB) =0y (C._Zj):
O = p.q (1: a,-pa,) + Pya (D@, =Daa ) = 0 (c.h)
g, T iRty 39310 2_ i L

Ba; 91%1@3% “has) Pg%&?g 37Rp) T 00 (Ce5)

From éguaﬁicns (C;B) (C 4) and (C’S) we, seefthat a mlnlmum occurs

:When qul qug p3q3§ “but that ccntradlcts the asaumptlﬂns that'

&
[ -

Iherefare we have to check 1f there ar, nyﬁ@ther minimum points of

Sélvingfééﬁatiéﬁ (c.k) far:pégg?#é have

28 L 22

S e Pﬁ; ) p:3‘13
_ e o e e L
Substituting‘that in equatiéﬂ (C.S)-WE have T |

v

(p )(PQ)( q —gpqpécsp?qﬁg)‘
S | fll 373 Pll 1273

(P:qu) (plql ¥ g131%:@’33*3 * P3q3)

.

| (1%':13) (EEQJE; : 1i’:zfé)(35‘;1‘11 +’P§S). -

"y by
ooyt 1’;1513}?”:-5% 3‘13) SO o (e.7)




- .Plgl p;i?\S;nce thls is nat p«:ss:.’bie let us 1ci.enti

;;3:; +3f3*z3 -yt ext=o . (c.8)

iy 2x%is a salu‘t;cjn 'f.tj Equat;t:\n (C 8),p but th:.s :melles :

 the other

roots r_:i_‘ equatflon (G.B_). DlVlding it by (y x).: we abtai

YB + xyg + xgy - xgz?f@ .“1.'

From Descartes' ruleo gns :Lt is’ seen that Equatmn (C E))

’s_,.

.1'110 more than one p@sz_tlve real rD@t ami no. mﬂre than two négat;ve

real rcu::ts. :
S Substltutlng y.= = - %fm equatlan (_G"i9,),;}wé:'ébtaiiﬁ"a reduced -
éuble Anz, . ‘ PR ) S L

. iThis is of the form

4 . i‘i . 3 B -
: o 'y +tay ¥b=0

" and cah be solved by Cafdan's“‘methgd ‘

v-!‘SﬁbstitutE z = ukv, z is a root’if .

Wi o (caa2)

e
,-<:
i

RS,
Ly



From equation (C.13) we have

= R -
T 3u e

v

=0

32
’_ 7

(w)% + bl(ﬁB)_ -

ﬁ“lw

If ul is a cube ro@t af E{—b + (bE ha
af equatlﬂn (C ll) are -
w

RS

-EJ;? u1+vl=

wvu., +w Vv

L
[
1t

>
0
<
E.'
+
3

1}
1
I m \
T
=
]
: ‘I‘ " - ':‘
muw L
e
Lad
m—"

" where v

‘This is.of" the form

If these roots are real and distinct then'R is less than zero.

{éfér our problem

IR T S

' E o l j- ! | L --' ' . f% -

)E} thgn the three roots




:by, S b7

| Theréf@:g_

i From this we have

Therefore fhe positive redl root is giVén by

. 'Therefore :

= S wy=a Suségx

i;g; s,

93q3 = (D 5h369)plql : N =f(c%;5)
Fram eguat;gn (c. 6) we abtain | R
\’14

L. Pqu (0. 83929)13;,;1 .

o 1 '(c,lé)f.

The minimum value of 'F iS'théfefbfé given by

' 2 )
.mlﬂ (qul)%' [l*‘055u3695’0-83929]g

» whlch reduces tg

4
'.'.1 : :

¢




S oy -~--»(Df83929)'(g)‘11‘_ff'

N (9554369) (?B)al.

The QthcE of pl and ql can be arbitrafj, but théfg@nstraiﬁts

s

: yrequlre that<

‘and .

%hi;n iﬁpiy-(fréﬁ eguaﬁicﬁs (c,lT).éni‘jc.la))
E P, %_D;SE?EQPL K
Py 2 0-55369P1_'
At tﬁlé PDlnt 1t ;5 apprapriate-tglrécapitulate the erg;nal

Prablem o
'Lgip? + p’ + p T
Mi - 2 =‘f"gg;'fu

N : ,E' (Pl *+ o, + p3)

| 22 b 22, 22
M, = Fal T Pl PBQB |
(plql + Pr‘)gg + PBQB) ) -

’.We fcrm the fUﬂCthn G given by
[Ml M]
o

o G owill be maximized under Eeveral inequality canatraian

& -

L dlscusaéd 1ater in the Eectigng,gln order to obtain the ExtremE‘ .

E

‘(éilgj

3 (c.20)

Lc;g;)

"kc.ég)




... whén equaticns (c: 17) and (c.18) are satisfied. But’ conditions

S C1kg.

¢

: ﬁéints,@f G, 'ﬁhesé will be replég d b 'y equalltles in Each ase,

VIf 1t can be shown that the maxlmum value of G is lesg than or

Equal to zera then the lnequality (C 1) will ‘have be ln=PfGVEﬁ;j

Mi is 1ndepegdent Df ql’ a5 and ~Q3s SO M has teba minimized with

'g ErEsPect ﬁe gl, qE and qB It has ‘been shawn that this is achieved - -

'-qgﬁ ql and qS-iql requ;re extra canstralnts Thesé céﬁé%réiﬁts '

. are given by 1nequalit;es (6.19) and (C ED) Therefare under_= .
2 these eangtrainte ‘the maxlmam value Df Ml is Dbtalned when 7
P, 9.839,9 1:1 S (Y1)
py = O 5h369p1 o o ~(g:.‘;25)' o
Thus thé maxlmum value of G when the ccnstralnts glven by .,ﬂ": _
é;nequalltles (C.19). ani (c. 20) aré. satlsfled is. :_'h
b= [M;"‘Mg]
= [0.35220 - 0.35220]
P : ;D !5 D . - : ‘ v

Theref@re ;neguallty (C 1) halds, i. e the theorem is'ﬁraven'ﬁﬁaerv

lthese canstraintgi o |

Nc%, it has_t@ be é?é%n.thagfﬁhén.ééﬁétréinté (3119) and’
EC;ED) ae not héiaﬂ inéqﬁa;ity (Cc.1) is still valid. Thrée»ﬁgses"
‘have to be considered. ?. ' ' ;

(I) Canstraint p2§ 0. BBQﬁQIﬁ_ iﬂ nct Eatiafigd but

3§ 0. SABEQPL s Entigfied




(11)" Canstralnt PB} D 5&369;5! is ﬂat satlsfled but
' - "Pgliﬂ BBQBQPL';E satisfied.;
. (iiI) NElthEI af the tWﬁ chEtfalntS 15 Eatlsfiéd.V‘;'ﬂ_” gﬁj t ;f:'

a .

Case (I)

1;QQ, u'In this case in @rder tc mlnlmlze Mg, qg

:.as possible Eeeplng,ig:mlqgkthat
.qé?%ﬁ'

‘. Sl : = =

has o be~sa£igfied— Therefaré chacse qg gl,

oz

it

ean-fsryl' Tt has been shéwn (sae_équaticn (C 5))

- 22 22 .
__Plp3q1q3 ng3q2q3 TPyt P T 0 #0.26)

Since'qg;;qi from eguatlég (C.26) we haye : e e

Twat

IfiihéaécﬁStféint'qgé'qlfls téfbs'éﬁtisfied_then '

- - :
. . (p7+15)
(P;?Ppg): v3‘a;

it

This means - : ' : ' ‘ y . B LA
| 2,2 o ?
Pl Pg PLPB 'PEPB

. since pl§>p2§;p3,‘inéguality (C.28) is never s&tisfied;;VThéfefgre_;., o

s
1 Lﬂ 
Ca




@

we must choose 4y = a4, =g, 1in order to minimize M,: Hence

Jeand. .

satisfied,

-"_gs;izi_i(é)a | o AT

) lepteg) o |
I memie®— ¢ -=- < ], then to minimize F choose = . .




o
-

c g
!

:'Theréfare_the'théérem is also valid ‘in thiggeasegib o
col e T e s F S RSN S
o Case I (v) YT B

- I : “oand

o 2 . Joerm . .
. Therefore the theorem holds in.this case. ,

i

P B

. "5,:




Cage (ITI) e

SN .1 L . B
* - . © - : :

. -
& B

' Since ;ii?it_he: ,_e_cnStraiI;t;S- (C.19)

Lor (C.20):1s saﬁis_if‘iei_',

. gy aid qg Gan be %E.ﬂi'e{ as large as -p%ssiljl_e__ under the cénstra;nt

T R DAL

- =i,

‘-Tferef@fe for minimum F we have S - :

ERI!

Aruitoxt provided by Eic:
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bt e T THE CLASSIFICATION ALGORITHM . — -

B

'The claSsificatianﬂalgcrithm c@nsists @f:tﬁe Eéyﬁafa-eitractar'

.mcduleg the Prlmary Ela551fier,‘the Bayeglan ﬂlstance calculatcr and

ﬁ‘fthe nalse detectgr- In thls appendlx we w;ll Qutllne Each of these_;,';iéf;f;f

o madules 80 that th;s alg@rlthm may be 1mplamented The f@ll@ulng

.-‘.;

*ent;t1&s need ta be dldcussad for bétter understandlmp cf the_f-

o P 7O T8

- =algcr1thmi :

Ttw

- Qend B areﬁparameﬁéré iiséussed_iﬁfchapterxv;—“ L
= :"f;.r" T N K . . A . .

to-the

;‘ﬁg Eitﬁé;f
L B .;g* -.,“‘l R
Mag[l n] and Dlr[l n] are arrays af magnltudes and direetiang el

calcul&ted by the anealan distance calculatar

Keyword Extract@r .

H

fhé_.'} - -

=1

A




 These are Storéd in' the matrix T‘.(igj)~, vhere i is the -

i

il

index of fhe‘kéyvafd aﬁd,jﬁil.f@ t Gorrespond fé@ﬁh&?iif:;a'

- -

L categories. A ST

.'l'..k

stépE e

. s = U{l ,;_.;;:Q}!.f‘

E a_ss;gned as the primary ,e;,,assi ; S e e

8¢ =5 By = g

1

callxkéyﬁ@rd extractor; i = iﬁ{l;-if ifo'theﬁ £o

G’z *G‘
ad 1ndlées l thraugh Q in GEUI‘

i

: SI‘ =SG’ = IET [ eall EE.YES;LB.YI Dlgtance Ca.leulatc::r :
for =1 to DL 1, chack t:: see whc:the Mag(d)iMag*(j+1)

J -
éand Dir(j)*Dir(j+l) If ngt then call Ncise betectar,_> _Tf

Qélse gg t@ step 15, ’ B o C
_J in&ex of nalay wgrd put j in tha NEUF

'~*;"1'S-U{J} A= 15,913 elemen‘t. in §



9. -;f ]S I IS | then S

T

”‘32tlans Df~DE3 and st&res them in the: arrayai oo

a espactlveiy The 1nput t@ t?le m@dule 15

":lmatrlx P[ﬂ t] fanta;nlng the prD bili tY fﬁl;f’” g,§§l§ted

T




3. 1f 1=1 then for =1 to t,Jset -

P’RD-E:(,,J) 1:(1 J); els

' PROB(Y .j) = PRDB(:,-E' ,j.)‘a@(i?.j); Lo

fg:f' j=1 to t, set

n, ‘_PETAB ‘% PROB(i,8);
5. fc:r ';jé:; to t cérxiput’é; :‘ R

u(g) = BEECLL)

e 7. Dlr(“)s«éj de;{ of the largest va.lue r:f AL(;])

v B \‘ -8, is= J+1, 1_f;L§N the;i’ re_tu’rnf, éjlséga t;a stépf}

- == - . . : L

"Noise ?Détgjt::ij'

L

Thls mc:)c‘lule camparea the magnltuciEE and dlreetlc::n éf_ the
k:eywards in the GBUT and deteets ‘a rmlsy wardi It returns the%

index Gf‘tl_llg word. S ‘ - ' I A

ik
s

ln NE ISTl; . , .V ) ‘(i. . . . £ e i . ‘\

: E i@r lEl to NFJ checkz whether Ms.g(l) }Mag(;+1)

If' 80 then return (1+ l) as the indéx ‘of the nmay

~»'.1{ewari
3. :for 1el t0° N 1, check whe Aer Dir(i) = pir(i+1).

_if. gg:rt then re ex of thje;_.:-:nciiéy‘
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